


PREFACE 
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veloped during the  pericd 1 March 1965 t o  1 Apr i l  1966 fo r  the p r o j e c t  t . i r t i t lca,  

"Development of a C~mputer Program f o r  Determining External  Radiation Abscirecd 

by the Apollo  pacec craft . " The work was authorized 16 February 1965 by ti;e 
IVASA Manned Spacecraft Center under Contract NAS9-3860, and has been perf c;r:-.cl i 
by Midwest Research I n s t i t u t e ,  Kansas City,  Missouri, under Project  iTo. 28.16-2. 

Nr .  Harold L. Finch was the  p ro jec t  leader .  Mr. Duncan Sommerville 
supervised the  p rogra~~ning .  Other p r inc ipa l  inves t iga tors  were Messrs. biichnel  

Noland, Brook Sandf ord, Roger Schroeder and Gary Wages. 

I&. Robert Vogt was the  NASA Project  Engineer f o r  t he  f i r s t  s i x  
months; Mr. Edward Chimenti served i n  t h i s  capacity f o r  the  durat ion of t h e  
p ro jec t .  
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LIST OF SY14BOLS 

am Value of a s  subject  t o  modification by f s  and g . 
'Jm 

DEC 

Function giving temperature dependence of cup . 
Declination or l a t i t u t e  of sun w . r . t .  Xc, Y,, Zc axes 

(see  Fig.  C-3). 

Function giving time dependence of cup . 
Function giving time dependence of eS  . 
Function giving de~endence on angle of incidence fo r  a s  , 

Gravi ta t iona l  constant .  

I nc l i na t i on  of o r b i t  plane ( s ee  Fig. C-4). 

Mater ia l  code. 

Mass of p lanet .  

R A Right ascension or longitude of sun w.r. t. Xc, Y,, Zc axes 
(see  Fig.  C-3). 

L m.  
" IALIIC. . 
T Temperature . 
Xb, Yb, Zb Coordinate axes i n  the  body coordinate system (see  Appendix D ) .  

Xc, Yc ,  Zc Coordinate axes i n  the  c e l e s t i a l  coordinate system (see  
Appendix D ). 

Xp, Yp, Zp Coordinate axes i n  the  planet  coordinate system ( s ee  Appendix D)  . 
X v , Y v ,  Zv Coordinate axes i n  the  vehic le-or ienta t ion coordinate system 

( see Appendix D )  . 
a! Angle between planet-sun l i n e  and Xp ax i s  (see  Fig. C-3) .  

a ! ~  
Absorptivi ty of coating mate r ia l  w . r . t ,  p lanet  r ad ia t ion .  

a s  Absorp-tivity of coating material. 1 r . r .  t. so la r  rad ia t ion .  

8 Acgle between planet-sun l i n e  and Zp ax i s  (see  Fig.  C-3). 

Y Angle between pl-anet-sun l i n e  and Yp ax i s  ( see  Fig.  C - 3 ) .  

6 Angle betrreen vehic lc  -sun l i n e  and. vehi el-e-elcl:lcnt l i n e .  

'3 Angle be tween vchri cle-planet, l i n e  and  vekiicle-elelnent l i n e .  



Pin 

Vehicle yaw angle (see  Fig. C-5). 

Angle betveen sun-planet l i n e  and planet-vehicle l i n e .  

Angle between Xb axis  and project ion of vehicle-node l i ne  on the 
plane Zb = 0 (see  Fig. C-1). 

Angle between Xb ax i s  and project ion of vehicle ro ta t ion  ax i s  on 
t he  plane Zb = 0 (see Fig.  C-6). 

Vehicle r o l l  angle (see Fig .  C-5). 

Angle measured counte rc lock~~ise  about Zp from Xp axis  t o  the  
project ion of sun-planet l i n e  on the  plane % = 0 (see Fig. (2-3).  

True anomaly (see Fig. C-2 ) .  

The increment of fl between points  vhere heat  loads a re  computed 
f o r  o r b i t a l  missions. 

Value of 6 vhere vehicle passes i n t o  t he  p l ane t ' s  shadow. 

T r - 7 3 - ~  . - ---- nf> w h e r e  v ~ h i  cle  asses out  of t he  p l a n e t ' s  shadow. - I 

Angle between plane defined by the  vehicle,  p lanet  and sun, and 
the plane defined by t h e  vehicle,  p lanet  and vehicle node. 

Vehicle p i t c h  angle (see Fig.  C-5). 

Longitude of ascending node -- measured counterclocicwise about Zc 
from Xc t o  t h e  l i n e  of nodes (see Fig. C-4). 

Angle betveen Zb axis  and vehicle-node l i n e  (see Fig. C-I.). 

Angle between Zb axis  and vehicle ro t a t i on  ax i s  (see Fig. C-6).  

Argument of perifocus -- measured i n  t he  o r b i t  plane i n  t he  d i rec t ion  
of t r a v e l  from the  l i n e  of nodes t o  the  perigee (see Fig.  C-4). 

Rate of vehicle ro ta t ion .  



The computer program described i n  t h i s  User ' s  Manual was developed 
t o  determine the  t o t a l  absorbed thermal r a d i a t i o n  by spacecraf t  ciurilx o r b i t a l  
missions and during rsissions t h a t  a r e  defined by tape.* It was w r i t t e n  by 
Midwest Research I n s t i t u t e  (PIBI) f o r  t h e  National Aeronautics and Space Admin- 
i s t r a t i o n  ' s Manned Spacecraf t  Center (NIISA-VBC ) . The program i s  a major modi- 
f i c a t i o n  and expansion of t h e  computer program previously wr i t t en  by bRI under 
Contract No. i~ns9-1059 .g  The l a t e s t  version was designed espec ia l ly  f o r  lunar 
missions of the  Apollo, but  it a l s o  i s  appl icable  t o  in te rp lane ta ry  missions 
and t o  o ther  spacecraf t .  

The major f e a t u r e s  and c a p a b i l i t i e s  of t h e  program a r e  l i s t e d  below: 

1. Up t o  1,000 spacecraf t  surface a reas  (nodes) nay be thernially 
analyzed i n  a given mission; 

2. Required geonietric da ta  f o r  950 Apollo nodes a r e  coded and s to red  
wi th in  the  program; 

3. The e f f e c t s  of shadowing due t o  o ther  p a r t s  of the  spacecraf t  . , - - . .  . - -  
v ur u- u a  L I L L ~ ~  uc. ~ ~ ~ \ r s ~ c u ~ u  AII VIIG UIIC*LY PGU I ui UJ.A uaP-LL n p u s A u  L U L ~ L  I ~ U L  u ~ I V L I ~ ~  , 

4. The spacecraf t  may be o r i en ted  toward t h e  sun, a p lanet ,  t h e  
moon, o r  a s t a r ;  

5.  The spacecraf t  may be given r o l l ,  p i t c h ,  and yzw a t t i t u d e s  r e l h -  
t i v e  t o  a bas ic  o r i e n t a t i o n  coordinate system; 

6 .  The spacecraf t  may be made t o  r o t a t e  a t  a spec i f i ed  r a t e  a b o ~ t  
any ax i s ;  

7. The f l i g h t  p a t h  may be e i t h e r  an e l l i p t i c a l  o r b i t  ~ ibou t  any 
p lane t  o r  t h e  moon, o r  it may be any mission about o r  between tvlo such bodies; 

8 .  Required p lane t  proper ty  data f o r  t h e  moon and the  p lane t s  a re  
s to red  within the  program; 

9. Required. ephemeris data  niay be e i t h e r  read i n  a s  input  o r  coin- 
puted f o r  a s2ec i f i ed  date ;  

---- 
9- Hereaft;er, ~ ~ y i s s i o n s  that aj:c definci: by t c p e  ';!11.3. bc re fe r red  %O 2s -i-.rajec.- 

tory ta.pe missions 



10. Most of the  data ( e . g . ,  type of o r i en t a t i on )  rnay be changed 
instantaneously a t  any spec i f ied  tir;le throughout the  mission; 

11. Tile p l a n e t ' s  surface tenlperature may be considered t o  be e i t h e r  
uniformly d i s t r i bu t ed  o r  var iable  o r  l oca l  temperature may be specif ied;  

12. Addit ional  Apollo node arrangenients may be analyzed by lumping 
together any of t he  950 basic nodes; and 

13. The program output may be p r in ted  and/or p lo t ted ;  the  r e s u l t s  
'lay a l so  be punched a t  such time t h a t  t h e  format i s  specif ied and incorporated 
i n t o  t he  output rout ine .  The applicable c o ~ ~ ~ p u t e r s  (see belo\*!) have no provi- 
s ions  f o r  var iable  input/output formats i n  FORTRAN I V .  

Most of t he  program t e s t i n g  and debugging xias ca r r ied  OUT on a Univac 

I 1107 computer i n  FORTRAN I V .  Since FORTRAN I V  under EXEC I1 i s  e s sen t i a l l y  
t h e  same f o r  both t he  1107 and 1108, the  program should run equally wel l  on 
e i t h e r  machine. F ina l  versions vere  wr i t t en  fo r  t he  Univac computer and f o r  
t h e  I B M  7094/7040 Direct  Coupled System (IEM-DCS), and both were thoroughly 
t e s t e d  a t  the  NASA-MSC computational center .  



A computer program t o  determine the  t o t a l  absorbed thermal rad ia t ion  
by spacecraft  during o r b i t a l  and t r a j ec to ry  tape nussions has been developed 
under Contract No. NAS9-3860 by Midwest Research I n s t i t u t e  (bBI) fo r  t he  
National Aeronautics and Space Administration's Manned Spacecraft  Center (f?ASA- 
1.EC). The program i s  a major modification and expansion of the  computer pro- 
gram previously r l r i t t en  by M R I  under Contract No. ISA59-1059.L/ The l a t e s t  
version was designed espec ia l ly  f o r  lunar missions of t he  Apollo, but  i s  a l s o  
applicable t o  in terplanetary  missions and t o  other spacecraft .  The program can 
simultaneously analyze up t o  950 ApolLo surface areas  (nodes) taking i n t o  
account the  e f f ec t s  of shadows c a s t  by other p a r t s  of t he  vehicle s t ruc tu r e .  

Most of t he  program t e s t i n g  and debugging was ca r r ied  out  on a 
Univac 1107 computer i n  FORTRAN I V .  F ina l  versions were wr i t t en  f o r  t h i s  
machine and f o r  the  1H4 7094/7040 Direct  Coupled System (IEN-DCS), and both 
were thoroughly t e s t e d  a t  t he  NASA-MSC computational center.  

This F ina l  User 's  Manual sumillarizes t he  program and i t s  use. 
Operating ins t ruc t ions  a re  given i n  Section 11, general  descr ipt ions  of data 
and comment cards a r e  given i n  Section 111, and de t a i l ed  descr ipt ions  of 
' . . . - .  * -. . .  -..- -- . . 
L J ~ L ~ u I  U U U U  U I A U  L~ILUlIClLV L U A  UU UI G EL YGlI A11 UCL CIAVll L V . .L11G r.L V6.L UIII V U U r U U  

i s  described i n  Section V. 

The appendices contain i l l u s t r a t i o n s  of input parameters, flow 
char t s ,  and other  per t inen t  information t o  f a c i l i t a t e  t he  e f f ec t i ve  use of the  
program. The F ina l  Pro jec t  ~ e p o r t , g  which describes the  theory upon which 
the program i s  based, supplements t h i s  mznual. 

The program has been checked out  on t he  Univac 1107 and on the  
IBM-DCS. Since the  1107 has been taken out of service  a t  the  IVASA-IGC compu- 
t a t i o n a l  center ,  the  follor.ling ins t ruc t ions  a re  wr i t t en  fo r  the  110%. 

A. Running on the  Univac 1108 -- 

The progra!n i s  1nos.t easily rurl on -(;he Univac 1108 b:y loac?in= i.t f r o ~  
tape.  Tile con t ro l  cards necessary -Lo accor;ipli:;li t h i s  e r e  described bel~7<1,  
The tape containing the prograril i s  assigned. t o  unit A ; if shac?~:.: logic  i s  



required,  the  shad ox,^ f ac to r  tape fo r  t he  Apollo i s  requested and assigned t o  
unit G ;  fo r  t r a j ec to ry  tape missions, the  tape i s  assigned t o  u n i t  I. 

Card 1 i s  the  standard ?;JOB card. The other control  cards a r e  a s  
follobls : 

Card No. Col 1 - Col 8 Col 16 

2 7 ASG 
3k/ 7 ASG 
d 7 ASG 
5 7 XQT 
6 TRIJ 
7 .  IN 
8 TRI 
9 7N XQT 

A = B S D ~  
G = 373 (optional)PL1 
1 = T R A J E C ~  (opt ional)  
CUR 
A 
A 
A 
F119 

where 7 denotes a 7 - 8 multiple punch. 

The data  deck comes next and includes data f o r  as  many cases a s  de- 
s i r ed .  Data fo r  each case cons i s t  of one o r  rnore cards containing numerical 
riafn avri/n- r . n m m ~ n + c  f n l l n w o i i  hxr R h l a n 1 ~  card indicat ing the  end of case data.  

. .- 
k 'Or  cases a r t e r  t ne  l irs-c,  only 'me caras w r l l c r l  C U I ~ L ~ L I I  uaba Q L I ~ ~ ,  UIILcI L u I U  

t he  previous case need be read. Due t o  the  increased v e r s a t i l i t y  of t he  pro- 
gram, it i s  now required t ha t  the  e n t i r e  card be punched (where appl icable)  
ins tead of only punching the  data  t h a t  a r e  being changed.. An ex t ra  blank 
fol loved by a card with 3 EOF i n  columns 1 - 5 must follow the  data  f o r  the 
l a s t  case. Data and comment cards a r e  described i n  Section 111. 

Running on t h e  IBl.4-DCS -. 

To run o n t h e  DCS under IEYS, up t o  four con t ro l  cards a re  used. 
Card 1 i s  t he  standard $JOB card; the  others  a r e  a s  follotrs: 

1?/ The numbers 8584. a.nd 373  a r e  NASA-IGC tape designations. 
Card 3 may be omitted if the  user does not  wish t o  include t he  e f f e c t s  of: 

shadows i n  any of t h e  caszs. I n  t h i s  case, a l l  of the  01 da tc  cards used 
lriust have zero or a blank i n  colurn 78  (see Section 111-23). 

Cai-d 4 m y  be o ~ i t t e d  if no t r n  jec-kory tape vil-1. be needed, i . e . ,  i f  a l l  
cases t o  be run a r e  o r b i t a l  nij ss io~is .  

The actual h j ? e  recl ~ i u , n ~ b e ~  should be used rathei- than the sjrliibol, WAJEC. 



Card No. Col 1 Col 8 
"P 

Col 16 

d $SETUP 9 BLOCK (7943) (op t iona l )  !?/ 
3d $SETUP 11 BLOCK (TRRJEC )u (op t iona l )  
4 $IBJOB - GO, NO SOURCE 

The object  deck comes next followed by t h e  deck of $ORIGIN and 
$INCLUDE cards ~ l h i c h  control  overlay. F ina l ly  a $DATA i s  used t o  s i gna l  the  
beginning of the  data deck. Following t h e  data f o r  the  l a s t  case, an ex t r a  
blank card i s  required followed by an end-of-fi le t a b  card. I 

If the  program i s  pu t  i n t o  t he  NASA program l i b r a ry ,  a l l  cards from 
card 4 ($IEJOB) through the  l a s t  of the  $INCLUDX cards may be replaced with a 

. s i n g l e  {PGLIBE card giving the  l i b r a r y  name assigned t o  the  program. 

C. 1nput/0utPut Units Referenced by the Program 

The program r e f e r s  t o  the  input/output u n i t s  l i s t e d  be lot^. Scratch 
tapes 4, 8,  10, 3.2 and 1 3  a r e  sinlulated on drum o r  disk  storage on the  NASA 
Univac 1108 and DCS systems. I f  t he  program should be adapted f o r  a s t a n d a d  ---. -,,. - , 9 - 6  .. - - * .  _ I  - 8 - 9  , -  - C .  LL.- ...- f L -  
r b i . r  *\1"7) U L V U U A .  "Upbe .."..'I,& ilkL.U "V U b  ' L , C / - . . * Y I U  &I.-. --..A. -- ---...-- ------- - 

Words per  
LogicalNo. Forrnat Record 

w- 
Type 
.--rc--- 

4 BCD 
5 BCD 
6 BCD 
8 Bin. 

9 Bin. 
10 BCD 

11 Bin. 
12 BCD 
13 BCD 
17 Bin. 

Scratch 
Input 
Output 
Scratch 

Input 
Scratch 

Input 
Scratch 
Scratch 
Output 

Use - 
Contains edi ted input deck 
Pr inc ipa l  input 
Pr inc ipa l  output 
Contains intermediate data  t o  be 

p lo t t ed  
Shadow f ac to r  tape 
Temporary storage f o r  01 - 07 

cards 
Trajectory tape 
Tem~orary storage fo r  09 cards 
Ten~porary storage f o r  10 cards 
Output fro:n program t o  SC-4020 

Card 2 may be omitted if none of the  cases t o  be require  t ab l e s  of 
sliado~r factc;rs for tlie Apollo. 

The r?uniher 7943 is a I,7ASA-Il$SC tape designs-Lion. 
Card 3 rriay be ornitted if no trajectory tape i?i:!.l I:;? neetie?!, i. e . ,  i f  a l l  

cases to be run are orbital n15.asions. 

d/ Tl~i .  zic?lr~a:!. t a p e  .i.c:e!. niilnl-~er sho:?..l:"r!.i v.scii rz7..t;!?::2- 1;han thr: syn;boS, T!jAJ?C. - 



GEI~NIJ,  DESCRIPTIONS ----- --. OF DATA AFJD COb~JJ3ET CARDS - 

The type of each data and comment card i s  indicated by the  card code 
i n  columns 1 ana 2. The following types may be used: 

Card Code l'ype of Card 

Comment 
Case number and control  information 
Orientation and ro ta t ion  
Planet  
Mission 
Sun pos i t ion  
Redefinit ion 
Low a l t i t u d e  planet  temperature 
Element 
Trajectory continuation 

The da ta  cards require  t h a t  fiecimal points  be punched f o r  numbers i n  
f i e l d s  between columns 13 and 76. Outside t h i s  range, decinal  po in t s  should 
not be used and t he  numbers must be r i g h t  jus t i f ied .  i n  t h e i r  f i e l d s .  The 
above cards, wi th  the  exception of No. 10, a r e  read with the  following format: 
t.na?~nAm - - - -  . (TO OT?, T A  RVR 1 T3 371 1. Tt, s h n ~ r l d  be noted t h a t  t f  a  decimal 

\ -  - I  

point  i s  punched i n  any tl column K I L ~ L ~ ,  exponeribs srt: r i u b  r ~ c e u e G  ur i ; coD L;&L 

magnitude of the  number i s  extremely small o r  extremely large .  

It i s  recommended t h a t  the  cards be used i n  the  order l i s t e d  above 
unless otherwise specif ied i n  the  fol loving paragraphs which describe each 
type of card. More than one 06, 09 and 10 card-s a re  allowable. 

Values read i n  fo r  one case remain defined u n t i l  superseded by 
another card containing the  same type of information. Exceptions t o  t h i s  r u l e  
a r e  the  10 card and the  08 card. 

General descr ipt ions  of t he  various card types follow. Additional 
c l a r i f i c a t i o n  i s  provided by examples given i n  Section IV. For the  u s e r ' s  
convenience, a reference guide t o  input data  preparation i s  given i n  Appendix 
J. 

A .  Comment ( L O  Card) 

Cornrnent cards riiay have alpharr,eric cl~aract ,ers in colunins 3 - 72.  
The f i r s t  comment card i s  used a s  a heading for  each page 02 ou-tput for orbL:al 
niissions. For t r a j ec to ry  tape missions, an i den t i f i c a i i on  record front the  



t r a j e c t o r y  tape i s  used a s  the  page heading. A l l  comnents (any nmber  from 
0 t o  18) w i l l  be l i s t e d  a t  the  beginning of t h e  f i r s t  page of p r in ted  output 
f o r  each case and on the  f i r s t  :lot frame if p l o t s  a r e  requested. 

Coments may a l s o  be p r in ted  t o  coincide wi th  an instantaneous 
change (e .g . ,  a  change from s t a r  t o  sun-or ienta t ion)  during a t r a j e c t o r y  tape 
mission. P r e p a a t i o n  of comments f o r  t h i s  s p e c i a l  condit ion i s  described i n  
Section 111- J. 

B. Case Nuniber and Control Inforn~at ion ( 0 1  c a r d )  

Columns 3 - 5 conta in  t h e  case number. Columns 9 - 12 contain t h e  
number of elements t o  be analyzed. This nunher should be between 1 and 1,000 
inclus ive .  For o r b i t a l  cases,  columns 13 - 20 contain po , the  i n r t i t i l  value 
of t r u e  anomaly and columns 21  - 28 contain A$ , t h e  increment of t r u e  anomaly 
a t  which heat  f luxes  a r e  computed. For t r a j e c t o r y  tape  cases,  colutnns 13 - 28 
do not  apply and a r e  l e f t  blank. Cokornn 78 should conta in  t h e  conf igura t ion 
nutnber (see  Fig .  C-10) if the  lip0110 shadow f a c t o r s  s to red  on tape  a r e  required  
f o r  this case. A blank o r  zero can be used i n  column 78 i f  no shad014 f a c t o r s  
a r e  needed. However, whenever a v a l i d  configurat ion code i s  used i n  column 78, 
if : q nofioqQ=lry +hat. ?;he shadow taoe  be mounted. A one ( 1 )  i n  column 79 causes 

Clh - 1 ^ ..-.. inc iden t  heats  a s  we l l  a s  a ~ s o r u e u  neilbs: I,V UG ~ i r l r c L ; .  , .. -a.a ---.-- 
zero (0) o r  blank, only absorbed hea t s  a r e  p r in ted .  A one (1) i n  column 80 
causes t h e  program t o  p r i n t  t h e  proauct  of heat  f l u x  and element a rea  i n  ~ m / h r .  
If column 80 conta ins  zero ( 0 )  o r  blank, t h e  f luxes  i n  ~TU/hr- f t*  a r e  p r in ted .  

If any of t h e  program parameters a r e  t o  be changed d-wlog a t r a J e c -  
t o r y  tape  mission, the  f irst  time i n  minutes a t  which they a r e  t o  be ins ten-  
taneously changed i s  contained (with decimal p o i n t )  i n  columns 37  - 44 (see  
Sect ion 111-J). 

C. - Orj-entation and Rotat ion (02 ~ a r d _ r  

Columns 9 - 12 contain t h e  o r i e n t a t i o n  code, namely, one (+I) f o r  
p lanet -or iented ,  minus one (-1) f o r  sun-oriented, minus two ( -2)  f o r  s t a r -  
or iented ,  and zero  (0 )  f o r  r ap id  spinning about random axes. Colw-ns 1 3  - 20 
contain P , t h e  r o l l  angle; 21 - 28 conthin (f , the  p i t c h  angle; znd 29 - 36 
contain , the  yaw angle* These th ree  angles a r e  all i n  degTees. If t h e  
vehic le  is  s t a r - o r i e n t e d ,  %he d i r e c t i o n  of ~ r i e n t a t ~ i o n  i s  given by a vector 
with t h e  X , Y , and Z components contcineci i n  colurnns 45 - 52, 53 - 60, e:~i? 
61- - 68, r e spec t ive ly ,  Since o~zfy- the cl i~ect i .oa  i s  cl-~taincci frcrn shese Lim- 
bers ,  ti12 cor;:ponen-ts are nond-i~erlsionttl and a sca le  f a c t o r  may be used t o  b r ing  
the  th ree  numbers i n t o  s u i t a b l e  range. Tile conl:~?oncnts li;il.sZ; be in the pl3i:ei; 



coordinate s y s t m  for  o r b i t a l  rnissions and i n  the  conventional e a r th  equator ia l  
system with oTigin a t  the  center of the planet  and X directed toward Aries 
fo r  t r a j ec to ry  tape missions. 

If a ro t a ry  vehic le  motion about some ax is  th ru  the  or igin  of the 
body coordinate system i s  des i red,  the r a t e  of r o t a t i on  i n  revolutions per hour 
should be punched i n  columns 37 - 44. The decimal point  should be included. 
The ax i s  of r o t a t i on  i s  given by a vector from the  o r ig in  t o  an imaginary 
vehicle element whose loca t ion  i s  given, i n  the  body coordinatz system, by the  
angles Clr and A r  . The ro t a t i on  i s  taken t o  be i n  the sense which rould  
cause a r i g h t  hand screw t o  move along t h i s  ax i s  from the  o r ig in  toward the 
"elemen%." The angles $Ir and A r  i n  degrees must be punched i n  columns 3 - 
5 and 6 - 8, respect ively ,  of the  02 card. They must be r i g h t  j u s t i f i e d  i n  
the f i e l d s  and decimal points  must be omitted, 

D, Planet  (03 card)  

If a number from 1 - 9 i s  punched i n  column 5, the  progrzm w i l l  
ass ign planet  da t a  according t o  the  fo l lo~r ing :  1. - Earth, 2 ,  - Moon, 3 .  - 
Jup i te r ,  4, - Mars, 5. - Mercury, 6 .  - Neptune, 7 .  - Saturn, 8. - Uranus, and 
9 .  - Venus. Appendix E has a tab le  of' these data .  If a zero (0 )  or a blank 
i s  i n  column 5 ,  then columns 13  - 20 should contain distance from the  sun i n  

' - - - no c ~ ,  -2nnr \ i -  v n r 7 i t x c  in narxfiinal M ~ ~ P S :  29 - 36, planet  
iruczu..  t *&A w . r L  " , I_& k W ,  ---- 

r - - - -  ? .-, * 

albedo; 37 - 44, the '  mass fac tor  GJ$,' i n  f.tV/secL, ana 43 - r ) ~ ,  ~ t l  p;u~ibL 
cold s ide  temperature i n  degrees  ank kine 

The p lane t  data  a re  used by the  Frogram i n  two ways: it spec i f ies  
the  planet  of o r ien ta t ion  if the  vehicle i s  planet-oriented and it spec i f i e s  
the  planet  which i s  used i n  ccmputing planet  and albedo heat  loads. For t r a -  
jectory tape rnissions the  planet  code used must agree with e i t he r  column 3 or 
10 of the associa ted 04 card. 

If column 8 contains a one ( I ) ,  planet  temperature w i l l  be taken a s  
var iable .  Otherwise, it w i l l  be assumed t o  be constant. 

E.  Mission (04 ca rd)  - 

This card is  used t o  specify the type of mission, t h a t  is ,  whether 
it i s  an o r b i t a l  or a t ra jec tory  tape mission. It a l s o  includes data  t h a t  
f u l l y  d-escri'ue the  o rb i t  or t r a j ec to ry .  

If the  mkssion i s  oyb i ta l ,  a one (I) i s  punched 5~ coau~nn 5.  Colmils 
6 - 8 contain the nc~lber of decrees of t r ue  a~iomal-y io 'i~e covered by 



560, a complete o r b i t   rill be run. C o l m s  13  - 
/ ' , 

prograr.2, , / .~1. a l t i t u d e  i n  nau t ica l  miles a t  apogee acd 
;,<I ' , ' ' 

20 and ?, 
/ $  ,,,/, ,' / * per iges ,  ?J 

,,L i s  Lo be read from a t r a j ec to ry  tape ra ther  than 
' 6  I , ,  ;/ , 
, , .<-cs re la t ionsh ips ,  column 5 of the 04 card should 

c omput.. .; I / '/: //: '/ ' , , , and columns 9 and LO should contain one (1) and 
I /  

contain :;, z ,  "1  / / ' , pmches i n  columns 9 and 10 represent the planet  
, / i two (2), :''.;/ .:,cond" planets  referenced on the  t r a j ec to ry  tape,  

codes c,-f L,c6 f . / ' -  ,.,r moon i f  the  t r a j e c t o r i e s  a re  generated by the  
and E,~:; 4, f ' ',' ' ' ,, Lra jectory program i n  use i n  March 1966. For t r a -  
ver s i m) / , I '  G,: : J ' /'' t e t s  other than ea r th  and moon, a new progrom i n t e r -  

* ' 
jectory 5:,;/ ". :' /'' , 

A 
,/,i:ornnodate the  new t r a j e c t o r y  format (see Appendix I ). 

face rfiljcf, ',', ;//'"'/' ' 

/..,:f'y changes i n  the  p lane t  of reference or i n  severa l  
t" 

,. / '. 
I lzfi , <, ' using an 08 card followed by the  data  cards neces- 

/ ' 
oj-her *Ti ; ;, ,; ; t,;, ;/ ,r  f, 

"' 
, , , ' $ 9  ( see Section 111- J) . 

/ ', c,/ { sary 'GO f,: ; 1 a 

Sur* p,,,,; 5; /'/, F* --.#=A , 

- ,,'/* kcable only t o  o r b i t a l  missions ( i  .e., a l l  bu t  
t;,;, ; f; t' 9, / // 

' I Co~umn 5 contains a code number which indicates  . . , r (  4 :$ /', /t 
u.Lru,J~.~ r - -  j 

< ,  

,  sition ion i s  specif ied.  If t h i s  i s  a two ( 2 ) ,  then 
r - ,  , - - -+ - L 2 n n 7 9  ,.*) :i,mT, ,., the  fc//:i ;:t 'd:"r" ' ~ I I U  LU-LLULUIO LL - LV rur.vu--. , 

f - 5  a { r ' ,  8 '/< ' 
/' 

colu~fina . , , J ,  columns 13 - 20 contain CY , 21  - 28 ccntain 6 , 
contajfi:; "1.'.'. f ,  

/ 
1f column 5 contains a f i v e  ( 5 ) ,  then columns 13 - 

and 2'3 - -y, / / / 7 , c , : " ; x  28 contain angle a , 29 - 36 contain angle R , 
20 cofit:;,i f ,  :>!I:' I' 

r /  
,,,#, r-sion, and 45 - 52 contain declination.  A l l  angles 

37 - 46 / , / , : ,5,b ; * '([ 

aye i r i  ( j d  9,f 8 ' ' i t  

,, , ,! ;,:.ins a one ( I ) ,  the  program t r i l l  read $in snd 
, & t t  //,, / '  $.:i and 69 - 76, respect ively .  Otherwise $!Iin and 

r,,,{!, ( / , *  I ' ' (  

flout >,; , , / , d  f ' / )  , t ' /  / 

@out 
.o specify the  date and time ins tead of defining the  

t ; , { , , ,  / ' / i 
, t  %ile above methods. This can be done as  follo~irs : 

sun 1 9 f,/,', ; 5, > /,rf '// ' ' 

/ r , ~ Z s ,  see t,he i l l u s t r a t i o n s  j.n Append-is C ;  a l s o  r e f e r  
/ ~ c e  Ref, 2 ) .  



Co l u m  -- Contents -- 
1 and 2 
5 
13 - 20 
2 1  - 28 
29 - 36 
37 - 44 
45 - 52 
53  - 60 
61  - 68 
69 - 76 

05 
1 
angle i 
angle lo 

angle S2 
year (1900. t o  2099. ) 
month (1. t o  12. ) 
day (1. t o  31. ) 
hours ( 0 .  t o  23. ) 
minutes ( l e s s  than 60. ) 

This f e a t u r e  i s  intended pr imar i ly  f o r  e a r t h  and moon o r b i t s ,  bu t  it 
t r i l l  a l s o  worlr f o r  t h e  inner  p lanets ,  Mercury, Venus and Mars. 

G.  - Redef in i t ion  (06 c a r d )  

The thermal absorp t iv i ty  of any vehic le  surface  element can be spec- 
i f i e d  t o  depend on t h e  mate r i a l ,  temperature of r a d i a t i o n  source, angle of 
incidence of r a d i a t i o n ,  and length  of time of exposure of the  surface .  I f  the  
r a d i a t i o n  source i s  t h e  sun, then dependence on r a d i a t i o n  source temperature 
2 - -..-.l--..L..>. 2 n  LL- ..d -,.-.....- < -  2.L- -1.,--4- +L- ...-,..?-c.- --.-"l..m-I-,- a * - e * A - * e n  nn -- -*-C---"I") -^ -..- ----- -A*- r ----- - , - - - - - - L, - - . - - - - "--- - -  -- - + -- 

angle of incidence of r ad ia t ion .  T h ~ s ,  t h e  program uses  separa te  formulas 
f o r  determining a b s o r p t i v i t y  f o r  s o l a r  and p l a n e t  r ad ia t ion ,  namely, 

%(m,63t) = a,, f s ( t )  * g ( 6 )  ( 1 )  
and 

respect ively ,  where t i s  elapsed time i n  minutes, T i s  temperature i n  
degrees Rankine, 6 i s  angle of incidence i n  degrees, and rn i s  the  mate r i a l  
code. 

To spec i fy  us and a it i s  necessary t o  def ine  the  funct ions  

f S ( t ) ,  f p ( t ) ,  6 (6 ) ,  b , ( ~ )  and t h e  value ai, , a s  we l l  a s  t o  c rea te  a cross  
reference  between m , a number used a s  mate r i a l  code, and these  funct ions .  
Unless t h e  use r  s p e c i f i e s  nonzero cross  references  f )  f ' )  and ~ ( 6 )  
a r e  talcen t o  be un i ty .  

The program can s tore  up t o  s jxtecn each of t a b l e s  of f, versus 
t , fp  versus t , g versus 6 , and b,, versus T . There are  a l s o  tables  
of cross  references  ind ica t ing  f o r  each given material code (frorn 1 t o  16)  
xrhich t a b l e  of' f s  , fp  and g are  t o  be used i n  ccr,~puting t h e  o l i e ra l l  



a b s o r p t i v i t i e s .  I f  t h e  c ross  reference  i s  zero (o ) ,  t h e  funct ion  i s  taken t o  
be u n i t y  and the  prograu sk ips  the in te rpo la t ions  c a r r i e d  out  othex-r:ise. I f  
t h e  same funct ion  i s  t o  apply t o  more than one mater ia l ,  t h e  same t a b l e  f o r  
both  ma te r i a l s  can be referenced r a t h e r  than reading i n  the  t a b l e  twice. 

Tables of p r o p e r t i e s  which a r e  expected t o  be used f requent ly  can be 
compiled i n t o  t h e  p r o g r a d  along v i t h  c ross  reference  t a b l e s  ty ing  s l a t e r i a l  
codes t o  p r o p e r t i e s  a s  part; of the  BLOCK DATA program B3DATA. flowever, any of 
these  conipiled values can be modified a t  execution time us icg  06 cards .  The 
s o l a r  cons tant  may a l s o  be changed i n  this way. Each 06 card  must conta in  a 
code i n  colunms 11 - 12 t e l l i n g  what type  of da ta  the  card  conta ins .  The pos- 
s i b l e  codes and t h e i r  meanings a r e  s h o w  i n  the  fol lowing t a b l e .  

Type of Data 

E n t r i e s  i n  t a b l e  of f s  versus t f o r  ma te r i a l  I&/ 

E n t r i e s  i n  t a b l e  of f p  versus t f o r  ma te r i a l  m 
E n t r i e s  i n  t a b l e  of g versus 6 for ma te r i a l  rn 
E n t r i e s  i n  t a b l e  of b, versus T fo r  m a t e r i a l  m 
A c ross  r e fe rence  ass igning a t a b l e  of f p ( t )  t o  ma te r i a l  rn 
A c r o s s  r e fe rence  ass igning a t a b l e  of f s ( t )  t o  nlaterial  rn 
A c ross  r e fe rence  ass igning a t a b l e  of g( 6 ) t o  ma te r i a l  m 
a0 JAY C U I ~ ~  I,ari 1, 

Values of a b s o r p t i v i t y  f o r  s o l a r  r a d i a t i o n  (am)  f o r  one o r  
more rn 

For 06 cards  v i t h  columns 11 - 12 conta in ing 07, 08 o r  09, t h e  
ma te r i a l  code should be punched i n  colunu~s 4 - 5 and t h e  nuniber of t h e  corre-  
sponding t a b l e  t o  be c ross  referenced should be i n  columns 7 - 8. I f  a t a b l e  
number a s soc ia ted  v i t h  a  m a t e r i a l  code i s  zero ( o ) ,  t h e  corresponding f a c t o r  
i s  onxitted fro111 t h e  expression f o r  absorp t iv i ty .  

I f  colunms 11 - 12 of t h e  06 card conta in  11, then colunms 4 - 5 
g ive  the  nutnber, m , of t h e  f i rs t  nla ter ia l  on t h e  card  f o r  which a va lue  of 
a, i s  t o  be s to red ,  and colunms 7 - 8 give the  l a s t  such nutnber. Actual. 
values of  a,, a r e  punched i n  eight-colurnn f i e l d s :  13 - 20, 2 1  - 28, 29 - 36, 
37 - 44, 45 - 52, 53  - 60, 6 1  - 68, and 69 - 76. If more than e i g h t  values 
a r e  t o  be read,  t v o  06 cards  must be used. 

I f  colunuis 11 - 12 of an 06 card  contain LO, then t h e  s o l a r  cons tant  
i n  u n i t s  of ~ ~ L J / l ? r - f t ~  i s  r e a d  froin co1~runs 13  - 20 of' t he  card.  

See Appendix F f o r  values cu r ren t ly  s to red  v i t h i n  the  progran:. 
b/ MaLcrial m i s  s p e c i f i e d  i n  colunin 78. -- 



For 06 cards having e i t he r  03,04, 05 or 06 i n  colucns ll - 12, the 
nmber of the t ab le  ~ r h z r e  ds ta  from the card wi3.1 be stored i s  pu-ached in 
colum~s 77 - 78, This m.st be a number from 1 t o  16. The numbers in  columns 
4 - 5 and 7 - 8 are  indices of tkie f i r s t  and l a s t  numbers of the  t ab le  t o  be 
read froni the card. The structure of each type of t ab le  i s  discussed individ- 
ua l l y  i n  the  fo l l o~ r ing  paragraphs. Actual t ab le  e n t r i e s  are  punched i n  the 
e igh t ,  8-column f i e l d s  beginning with 1 3  - 20, 

The tab les  of f s  versus t and f p  versus t contain a l t e rna t e  
values of t and f , e .g . ,  to , f(to) , t l ,  f(tl) , t 2  , f ( t 2 )  9 t 3  , 
f (tS) , t4 and f ( tb) . The arrays  have a dimension of 10 and i f i l l  con- 
sequently hold only f i ve  points .  Times must be i n  minutes and a re  r e l a t e d  t o  
values of time read from t r a j ec to ry  tapes or computed fo r  e l l i p t i c a l  o r b i t s .  
Since a s ingle  06 card can hold only eight. f l oa t i ng  point  numbers, two a r e  r e -  
quired i f  a l l  t en  t ab le  e n t r i e s  a r e  t o  be read i n .  The program in te rpo la tes  
fo r  f i f  to < t < t g ;  , but  fo r  t < to or tq < t the  values of f ( t o )  
o r  f ( t q )  a re  used. 

i 

The t ab l e s  of g versus 15 contain only the  values of g . Values 
of 6 a re  understood t o  range from 0° t o  90" i n  increments of 10". Here 
again, i f  a l l  10 values of g a r e  t o  be read i n ,  two cards a re  needed since t 

a s ing le  06 card can hold no more than e igh t  f l oa t i ng  point  numbers. 

1 1 -0 1, . . 4 , .  + rn .-,l+.rru..n.!-h7+r 
4, -..---,, > -*-- ------ -- ----z-- - ---- - >  - > - ------- - - -  1 

-r . -- - --- i 

contain values of T and bD, , t h e  f i r s t  entry  being To , the  next b, f o r  ! 

T = To , e t c .  Ench succeeding p a i r  of values gives a new point  of the  b, 
versus T t ab l e .  The t ab l e  terminates with an entry  fo r  10,OOOOR. However, 
no more than twenty values of b, may be stored.  The indices  of the  f i r s t  

I 
and l a s t  values t o  be s tored from a given card a r e  given i n  columns 3 - 5 and 
6 - 8, respect ively .  For example, i f  columns 3 - 8 read 001006, then the  
f i r s t  s ix  values of t h e  t ab l e  i v i l l  be stored,  namely To , b,(0) , T l  , b , ( ~ ~ ) ,  
T2 , b,(T2) 

H. Low Alt i tude Planet Temperature -- (07 card) 

I f  an 07 card i s  read, columns 13 - 20 w i l l  be s tored a s  a c r i t i c a l  
l m ~  a l t i t u d e  i n  nautica.1 miles, be1oi.r which calcula t ion of p lanet  temperature 
by the  program w i l l  be suspended. I n  t h i s  case, the  program uses as  plzr,et 
temperature, O R  , the nmber punched i n  columns 21 - 28. 

The present  progran vill cal-culate heat fluxes for up t o  l.,OGO e l e -  
ments per case. The actual nun'ucr is gj.ven 011 the 0.L card. Erch e1elaeri-L 



des i red  i s  entered on an 09 card and i s  given a sequence number i n  columns 
3 - 5. These r~un~bers must begin with one ( 1 )  and increase sequent ia l ly  so 
t h a t  t he  sequence number of t he  l a s t  eleruent i s  the  same a s  the number of 
elements des i red.  

I f  col~~runs 6 - 8 contain a va l i d  node number (1 - 950)) element area  
and locat ion a r e  taken from i.nternab t ab les  f o r  t he  Apollo (see  Appendices A 
and B ) .  I f  a one (1) i s  punched i n  column 79, shadow log ic  and experinlentally 
determined shadow data  corresponding t o  the  950 nodes \ l i l l  be used by t he  pro- 
gram. I f  a zero (0 )  o r  blanlr i s  punched i n  column 79, shadow log ic  sha ill be 
suppressed. It i s  a l s o  poss ible  t o  ruociify the  Apollo nodal parameters (area ,  
An , 0,) and s t i l l  use the  s tored shadov data ;  t h i s  can be done by punching 
t he  modified values a s  follows: An i n  columns 13 - 20, Qn i n  co lums  21  - 
28, and area  i n  columns 29 - 36. Angles must be i n  degrees and area  i n  square 
f e e t .  Then i f  a f l oa t i ng  point  one (1. ) i s  punched i n  co lums  45 - 52, t he  
program uses t he  value read on t h e  card fo r  An ins tead  of t h e  one furnished 

'by t he  program. Similar ly ,  a one (1. ) i n  columns 53 - 60 and 61  - 68 causes 
t he  program t o  use corresponding values punched on t he  card f o r  Qn and area ,  
respect ively .  

If 6 - 8 does not  contain a va l i d  node number, element area  i s  read 
from c o l m s  29 - 36, and the  angular coordinates A n  and Qn a r e  read from 
13 - 20 and 21 - 28, respect ively .  I n  t h i s  case shadow log ic  i s  not  applicable 
mm.2 : " -,.& ---- 2 ---- -- * - - -  ."..+...... 

Columns 9 - 12 should contain a nonzero numerical l a b e l  which w i l l  
i d en t i f y  the  element i n  the  output l i s t i n g .  Columns 9 - 12 may contain zero 
( 0 )  or blanks (provided columns 6 - 8 contain a va l i d  node number), i n  which 
case, the program s e t s  the  l a b e l  equal  t o  the node number used i n  columns 
6 - 8 .  

I f  the  element being defined i s  t o  be lumped with the  subsequent 
element (one having the  number i n  columns 3 - 5 increased by one), then c o l ~ s  
37 - 44 should contain the l a b e l  again, including a decimal point  i n  t h i s  f i e l d  
f o r  format compatibil i ty.  This l a b e l  i s  the same number as  i s  i n  c o l m s  9 - 
12 unless they a r e  blank, i n  which case,  the l a b e l  i s  i n  colu;?ns 6 - 8.  

There i s  a r e s t r i c t i o n  on elentent lumping which i s  due t o  t he  f a c t  
t h a t  cornpu:ter s torage i s  not  s u f f i c i e n t  t o  hold shadow t ab l e s  f o r  a l l  the e l e -  
ments a t  the  same time. Consequently, ~~rhen more than 200 el-ements a re  ana- 
lyzed, the prograrn subdivides the  problem. IL i s  therefore  i l l e g a l  t o  have the  
sequenced numbers (no t  the node nunb?r) of the f i r s t  element of a group t o  be 
lumped l e s s  than or equal t o  200 while the  sequence nuiijei' of the  l a s t  of t h e  
grot3.p i s  greater  than 200. 'She sariie ~ e s i r i c  t ion holds f o r  ar,y multipl.? cf 
200; i . e . ,  for 400, 600 and 800. 



Columns 7 7  - 78 contain the  number of the coating material  specif ied 
f o r  the  eleluent, klaterials I t o  6 are  defined as  described i n  Appendix F. 
These may be redefined or materials  7 t o  16 may be defined using redef in i t ion  
cards (06 cards) .  

I f  it i s  desired t o  have the  absorbed heats expressed i n  graphical  
form by the  p l o t t e r ,  a one (1 )  must be pmched i n  colunm 80 of the  applicable 
09 (element) card. A blank or zero ( 0 )  i n  column 80 causes the  p lo t s  t o  be 
deleted.  

3. Trajectory Continuation (08 ~ e r d )  

The user may modify the  i n i t i a l  conditions fo r  a t r a j ec to ry  tape 
mission by perforriung the  following s teps  : 

1. Punching a cutoff  time i n  minutes i n t o  columns 37 - 44 of the  
0 1  card (see Section 111-B); 

2. Placing an 08 card i m e d i a t e l y  a f t e r  the l a s t  data  card; and 

3. Placing data cards containing the  modified conditions immediately 
a f t e r  the  08 card. 

Descriptions oS the  06 CaI-d ana or  tne  moalIlea aaTa caras L U L L U W .  i 
The 08 card, which i s  used i n  place of the end-of-case blank card, 

s i g n i f i e s  t h a t  the  o r ig ina l  data  a r e  t o  be modified. The 08 card may a l s o  be 
I 

used t o  specify a new cutoff time - a time a t  vrl~ich the case data  t r i l l  again 
I 

be modified. If a new cutoff time i s  t o  be specified,  the desi red time should 
be punched i.n columns 1 3  - 20. When t h i s  time i s  reached, a blank card can be 
used t o  terminate %he case, or another 08 card can be used t o  continue it a s  
before.  

Following the  08 card, data  cards may be read t o  modify such infor-  
mation a s  configuration,  p lanet ,  o r ien ta t ion ,  ro ta ry  motion, r o l l ,  p i t ch ,  yaw, 
e t c .  These cards must consis t  of one or more of the follcwing types: 01, 02, 
03 and 10. The planet  specified must always be e i t he r  the  primary or secondary 
planet  of the  t r a j ec to ry  being used. 

Co~rdnents may be used fo l l o~ r ing  each 08 ca-rd t o  provide messages i l l  

the  output describing what program pa rme te r s  a re  changed. The ccm-bination of 
08 c,zrds and co~n?ents (10 cards) may also be used t o  flag s lgnif ical l t  fea tures  
of the t r z j cc to ry  xrhich do riot coincide i i j i l l  any proCra;n pax31nelcr changes, 
such a s  the point  :rliere the vehicle leaves ea r th  o rb i t  and  begins the  I.rans- 
lunar psi-t of i i s  f l i g h t .  



Final ly  the  user may termiuate the mission a t  any of the cutofi' 
times by using an end-of-case blank card ins tead of the 08 card and the  suc- 
ceeding data cards.  In  t h i s  case, the program w i l l .  compute u n t i l  the  cutoff  
time i s  reached and t r i l l  then terminate the  case and rctrind the  t r a j ec to ry  
tape.  

IV, EXAMPLES OF DATA AN11 C O ? M N T  CARDS --- - 

Some of the  input data options i n  the  program are  most e a s i l y  under- 
stood by considering sam2le cases. This sect ion gives exanples of each ty-pe 
of input card and discusses how each i s  in te rpre ted  by the program. Data f o r  
these cards a r e  i l l u s t r a t e d  i n  Fig.  1. These a r e  i so la ted  examples and each 
i s  independent of the  context except where otherwise specif ied.  

A .  Comment (10 ca rd)  

Example A i s  a dummy comment such as might be used i n  a t r a j ec to ry  
tape mission t o  "save" a l i n e  fo r  the  i den t i f i c a t i on  furnished by the  t r a -  ! 
jectory tape. For o r b i t a l  missions, card A would cause each page of heat  
- 7  - - 2  -7 A -  7 - -  - > . - ! _ . _ I _  ,2.-_ - , - L - - J  ,n , -4. +h,-. Cnr\ 
r-r--0 yr r l - u r  .c uv r r u r r  u V - I - U L I ~ L  -LIA~.. . A . L w - . \ - - -  -- - - - A -  

I 
i 

Example B i s  an ordinary comment. I f  A and B occur together i n  a 
t ra jec tory  tape mission, the  message on B w i l l  appear a s  the  second l i n e  of 

I 
i den t i f i c a t i on  on each frame of any p lo t s  generated. 

t 
i 

B. Case Number and Control Information (01  card)  

Example C i s  f o r  use with an o r b i t a l  mission since $o of 45" and 

A $  of 15" are  punched i n  colums 13  - 28. Case number i n  colums 3 - 5 i s  81 
and column 12 contains the  number of elements t o  be run - s ix .  The 1 i n  
column 79 indicates  t h a t  incident heats  a s  t re l l  a s  absorbed heats  t r i l l  be 
pr inted.  

Example D i s  for  u.se tr i th a t r a ~ e c t o r y  tape mission, since there i s  
no incre~nent A @  i n  columns 21  - 28. The case nmber i s  82 and t h e  n1mber of 
elements i s  8 .  The nubel-  36 i n  calms 29 - 56 indica1,es t h a t  i!h?n a tilne 
greater  than or equzl t o  36 min. i s  read from the t r a j ec to ry  tape,  the program 
\ r i l l  r e tu rn  t o  the input routjlle t o  read changes ia some of the  case p:~ramctei~s. 
The Apollo co:flgu=.ation :luflt;?y 3 pr:nched jn co_lunn 78, The 1 panrh in 
~0Lur:iil 80 csuses heatfflu>;es to be n , ~ z l _ t i l i f  i ed  bjr elelcent a r e a  Lo give t o t a l  
h c ~ i s  f o r  each elrmcnt. 



Fig,  2. - Sample Input Data Cards 



C. Orientat ion and Rotation (G:? car&) 

Example E contains a I. i n  colun~rs 9 - 12 hence the  vehic le  i s  
planet-or iented.  Roll ,  p i t c h  an& yav angles eSe 0°, 60" and 90°, respect ively .  
A r o t a t i o n a l  r a t e  of 6 revolut ions  per hour i s  given i n  columns 37 - 44; 
therefore ,  t he  ax i s  of r o t a t i on  must a l s o  be spec i f i ed  on t h e  card.  Since 
colu.rms 3  - 8 a r e  blanlt, fir and A, a r e  talten t o  be zero. 

Example F conta ins  -1 i n  colunms 9 - 12, indicat ing t h a t  t he  
vehic le  i s  sun-oriented. Roll ,  p i t c h  and yaw angles a r e  0°, 0" and 60") r e -  
spect ively ,  and r o t a t i o n a l  r a t e  i s  1 . 5  revolut ions  per hour. The ax i s  of 
r o t a t i o n  i s  given by Qr = 60°, hr = 225' read from co2d1nns 3 - 8 .  

Example G i s  a  s t a r -o r ien ted  case, a s  ind ica ted  by the  -2 i n  
colurws 9 - 12. There i s  no r o l l ,  p i t ch ,  yaw or  ro ta t ion.*  The s ta r -vec to r  
used f o r  o r i en t a t i on  has t he  coordinates 1, 0, - 1.73205. This def ines  a  
vector i n  t he  X-Z plane which i s  inc l ined  a t  60' t o  t he  pos i t i ve  X-axis and 
150' Lo the  pos i t i ve  Z-axis. Note t h a t  t he  coordinate system used t o  def ine  
t h e  s t a r  vector must be t he  p lane t  system f o r  o r b i t a l  nlissions and t he  e a r t h  
equa tor ia l  system f o r  t r a j e c t o r y  tape missions. Hence, t h i s  card has d i f f e r e n t  
s ignif icance xihen used with d i f f e r e n t  04 cards. 

D. P lanet  (03 ca rd )  

- - -T t .  8 .  .. -t. 

u ~ u ~ u y ~ b  ~r bv&r u u & ~ & v  u & r b  p r u r a r  u .LA& 

the absenceof any other  da t a  on t he  card, the  program w i l l  assume t h a t  t h e  
p lane t  temperature i s  constant  and w i l l  take p l ane t  data  from i n t e r n a l  t ab l e s .  

Example I contains the  p lane t  code f o r  moon ( 2 )  i n  colum 5 and a  (1) 
i n  colurnn 8, i nd i ca t i ng  p l ane t  temperature i s  var iable .  Other p lane t  data a r e  
taken frorn t ab l e s .  

Exan~ple J does not  contain a  va l i d  p lane t  code i n  colunln 5, hence it 
descr ibes  an 'bnlcno~in" planet .  I n  t h i s  case, the  numbers i n  the  f i v e  f i e l d s  
from co1ur.m~ 13 - 52 descyibe a  p lane t  having dLstance from the  sun of 
80,400,000 nau t i c a l  miles, radius  of 3,441 nau t i c a l  miles, albedo of 0.58, GMp 
of 141 x  lo1* f t2 /sec3 and adjusted cold s ide  ten~perature  of 200°R. This 
a c tua l l y  descr ibes  ear%h except t h a t  the  albedo has been changed from 0.35 t o  
0.58. 

Exalnpple K contains a  1 pu.nch i n  coluril~? 5, 'is!hich ind ica tes  an o r b i t d .  
mission. The case t r i l l  corripute l-ieats over 1.80 aiigil.nr degrees of the  o rb i t  

-E OiaiLks indi.c:li;es Ze-ro (0) valiles f o r  r o l l ,  pitcl-1: and y a i ~ .  



(columns 6 - 8 ) .  Apogee and perigee are punclled as 225 and 170 nau t ica l  miles,  
r e  spec%ively. Actually,  these numbers could have been i n t e r  changed s irice the  
prograrn talies the l a rge r  number as  apogee and the  smaller a s  perigee regard- 
l e s s  of the f i e l d  i n  which they are  punciled. 

Example L describes a t r a j e c to ry  tape mission as  indicated the  
blank i n  column 5.  The planet  cccles f o r  e a r t n  and moon i n  colwnns 9 and 10 
mean t h a t  the da ta  read from the t ra jec to ry  tape r e f e r s  t o  e a r t h  and/or the  
noon. The 07 punches i n  columns 11 - 12  have no s ignif icance.  I f  a new t r a -  
jectory tape format Tiere used requiring a tape sesrcn t o  f i nd  the  des i red 
t r a j e c to ry ,  t h i s  number could be used a s  a t r aJec to ry  idenLif ica t ion nuniber. 

F. Sun Posit ion (05 card)  

Exm-ples M, N, 0 and P a l l  describe the  same sun posi t ion.  I n  
example M, t he  1 punch i n  colurnn 5 ind ica tes  that the program w i l l  use the  
da te  and time speci f ied  t o  ca lcu la te  the  so la r  posi t ion.  The angles i , ro , 
and Q are  punched as  33') 0" and 0 ° ,  respect ively .  The date is  1961, Zanuai-y 
1, and the time is  0:00 hr. 

Exam;lle N gives the  angles 1 and f? d i r e c t l y  a s  280.6997 and 
an P.8,-....0 - . n .  . 0 -r - -n 10 r r r r  8 0 on  C 3 7 1 ~ ~  r\t.i) 
' J V .  vv r l r _  . '--'ruruplc v f i l  v ,.u - ) - 2 . * tr,c : ".. . Y . "" .. - , - - . - - . -- - ----  

165.7986". Example P gives the angles i , C.I , and R as i n  ex2mpLe M, Dux 
columns 37 - 44 contain r i g h t  ascension a.nd co1ur;uls 45 - 52 contain declina- 
t ion.  The cocie i n  column 5 t e l l s  the program how the  05 cards a re  t o  3e  
in terpre ted.  

I 
i 

G. Redefinit ion (06 card) 

Example Q has 03 i n  columns 11 - 12, hence the  data  on the  card w i l l  
go i n t o  a t ab l e  of f s  vs .  t . The 2 punch i n  column 78 indicates  t h a t  the 
second tab le  of f s  vs ,  t i s  referenced, The 1 and 8 i n  colwms 3 - 8 
indicate  t h a t  tke  f i r s t  e i gh t  values of t ab le  2 a r e  t o  be stol-ed from t h i s  
card,  The e igh t  numbers i n  columns 13 - 76 provide t he  f  o l lo~r ing  t ab l e  e n t r i e s  : 

t (min.) 



Similar ly ,  exa~!lple R defines the second t h r u  the fourti:  nuakers from 
t ab l e  1 of f s  vs .  t . 

(previous value used) 1. 
6,000 0.95 

Exam;?le S def ines  three  e n t r i e s  i n  t ab l e  1 of f p  vs. t a s  
follows : 

t (min . ) 5 

Exanples T'and U tzken together define t ab l e  2 ( see  column 7 8 )  of 
g VS. 6 a s  indicated by the  code 05 i n  columns 11 - 12. Indices i n  cclumls 
3 - 5 and 6 - 8 ind ica te  t h a t  the  f i r s t  e igh t  e n t r i e s  a re  given on card T and i 

the  n in th  and t en th  on card U. The t ab l e  defined is: I 
I 

L 6 ( ~ ~ n d ~ r s i - . n n r l  \ f O )  D 
i 

- A 1 

0 1 .0  
10 0.95 
20 0.9 
30 0.85 

I 
40 0.8 
50 0.7 
60 0.6 
70 0.5 
80 0.3 
90 0 .O 

Examples V and W together define t ab l e  5 ( see column 7 8 )  of b, vs . 
2 a s  indicated by the  code 06 i n  columns 11 - 12. Each t ab l e  ent ry  requires  
two numbers. The f i r s t  e igh t  numjel-s a re  on card V and s i x  more are on card 
W. The end of the t ab l e  i s  indicated by an en t ry  f o r  T = 1 0 , 0 0 0 " ~  i n  c o l ~ i s  
45 - 60 of card W .  The t ab l e  defined by cards V and \$I ~ O ~ ~ O V T S  : 



0 0.2 
200 0,25 
400 0.33 
600 0.45 
700 0.5 
750 0.65 

10, OCO 0.65 

Examples X ,  Y and Z show cross references of d i f f e r en t  types. The 
type of cross reference i s  coded i n  columns 11 - 12. The coating mate r ia l  
number i s  i n  columns 4 - 5. These th ree  car6s es tab l i sh  t h a t  coating mate- 
r i a l  number 1 has absorpt ivi ty  fo r  p lanet  rad ia t ion  which var ies  wi th  time 
according t o  t he  second t a b l e  of f p  vs .  t , and t h a t  coating mate r ia l  

.number 4 has a.bsorptivit.y f o r  so la r  rad ia t ion  which var ies  with t i m e  according 
t o  t he  f i r s t  t ab l e  cf  f s  vs.  t and with angle 6 according t o  t he  t h i r d  
t a b l e  of g vs .  6 . 

If i n  a subsequent case, t he  user should want t o  dele te  t he  depen- 
dence on time or angle 6 from t h e  absorpt ivi ty  of any mater ia l ,  a card 
dele t ing the  cross reference may be used. For example, absorpt ivi ty  of so la r  
r a d i n t i  on for  coat.,ine mate r ia l  nimber 4 could be ma& indeoendent of time bv 

I \ 

uslng a cara 1uerlLlcaL LW car-u 1 encepb I , ~ I ~ I ,  cu~uuui o v/uu.~u CUI~LCLLLI d LaLv (LJ] 

or  a blank. This card would destroy the  cross reference t o  t a b l e  1 of f s  vs. 
t .  

Example AA redefines the  so la r  constant t o  be 400. It i s  advisable 
t o  use a comment t o  c a l l  a t t en t i on  t o  changes of t h i s  so r t . ( s ee  example 3 ) .  

Example 333 contains 11 i n  columns 11 - 12, which i s  t he  code indi-  
ca t ing t h a t  the  card defines values of am . The 5 and 9 punches i n  columns 
5 and 8 indicate  t h a t  coating mater ia ls  5 - 9 a r e  referenced. Values of a5 
through a9 a r e  0.3, 0.4, 0.5, C.6 and 0.7, respect ively ,  

H. Low Alti tude Planet Temperature (07 Card) 

Example CC defines planet  te~nperature t o  be 585 O R  when t he  vehicle 
i s  a t  an a l t i t u d e  l e s s  than  30 nau t ica l  miles,  

Examp1.e DD mighZ; be used on a case subsequent t o  example CC t o  
cancel the former card. Since  criJiica.l. altS tucle iz zero (blank) +;lie prograrn 

will ignore %his a3.li-tude logic fa a l l  (posi t i v e )  al%iJiudcs. If t h e  



DD card were not used, the  program would continue t o  s e t  planet  temperatu-re 
t o  585OR whenever a l t i t u d e  dropped below 30 n.m. Low a l t i t u d e  log ic  is always 
suppressed u n t l l  the program reads an 07 card. 

I. Element (09 card)  

Since a case may have more than one elernent and s i ~ c e  the  i n t e r -  
r e l a t i o n  of elements concerns dxta card preparation,  examples EX, FF, GG and 
HH a r e  discussed together.  

F i r s t ,  they a r e  given sequeace numbers 1, 2, 3 and 4 i n  column 5. 
The f i r s t  t h r ee  of these  have v a l i d  node numbers i n  col.umns 6 - 8, hence, 
they normally w i l l  be assigned a rea ,  A n  and Rn , f r o 3  i n t e r n a l  'cables. 
Since the  f i r s t  two of these  have no l a b e l  i n  columns 9 - 12, they t r i l l  be 
given l abe l s  t o  agree wi th  t h e i r  node numbers. 'kese  l abe l s  agree with t he  
numbers punched i n  col-arms 37 - 44 of t he  respect ive  cards.  Therefore, each 
of these  elements w i l l  be lumped wi th  t he  element f ollovring it. This group 
terminates wi th  t he  t h i r d  card,  GG, which i s  not t o  be lunped with t he  one 
follotring s ince  the  l a b e l  (1563) i s  not  reproduced i n  columns 37 - 44. Hence, 
t h e  t h i r d  element i s  the  last  of t h e  group and i t s  l a b e l  w i l l  be used i n  
p r in t ing  out r e s u l t s  f o r  t h e  grouy, of th ree .  

I n  example HH, no node number i s  punched i n  columns 6 - 8 and there-  
f o r e  An  , on and area  must t ake  on the  values 45O, GO0 and 1 f t . *  from 
columns 13 - 36. This element i s  assigned a l a b e l  of 955 from c o l m s  9 - 12. 

Elements which a r e  defined by a node number i n  colunms 6 - 8 nor- 
mally t ake  hn , R, and area  from i n t e r n a l  t ab l e s ,  However, examples FF and 
GG show an exception .to t h i s ,  f o r  t h e  areas  a r e  s tored a s  2.5 f t . 2  and 
2.66 f t . 2 .  from c o l ~ m s  29 - 3 6 ,  The numbers 1 .0  i n  col.wnns 6 1  - 66 a re  
necessary t o  make the  program recognize t he  quan t i t i e s  i n  colurms 29 - 36. 

The coating mate r ia l  codes i n  colunns 77 - 70 s r e  t he  fourteenth fo r  
the  f i r s t  th ree  elements and the  second f o r  t h e  fou r th ,  Codes punched i n  
column 79 w i l l  cause shadow lcpjic t o  be used only on t h e  f i rs t  ele~nent;  i . e . ,  
t h e  f i r s t  of the  th ree  vhich are lumped together.  Punches i n  column 80 shew 

t h a t  p lo t s  a r e  requested fo r  t he  second and th i rd  elements. h'owever, t he  
p l o t  request  f o r  the  second element t r i l l  be ignored s i m e  it i s  lumped with 
t he  t h i r d  elerx~ent. The p l o t  trhici.1 i s  generc-bed f o r  elcrr,enJi 3 b r i l l  be a sum 
of the  three  ele~nents.  If colulim 80 of GG hacl cont-zineci zero  or blcznli, t h e  
p l o t  \ ~ou ld  'iiave been suiyress?d even thouell colltsjr,cd a si~~:a?,Z t o  p l o t .  
This i l lus t raJces  Lhe poilll  LtlaJ~ p l o t  coiitrof. f o r  F erGl!p of elt-.;ne!;ts ~i,;h.ick~ 3-e 
lutnped tcgeJt,!lcr must appcar on the Last elernent card vf the  grozp, t ha t  i s ,  
the  onc having the  hiplzcst sequcrice number ;11 co?v:~:s .5 - 5 ,  



ExampLes II and JJ s l i ~ ~ r  t ~ r o  t r a j ec to ry  continuatzon cards t h a t  
might be used i n  conjunction with example D, which w i l l  cause the  program t o  
r e tu rn  fo r  more input when a  time greater  than or equal t o  36 min. i s  reed 
from the  t r a j ec to ry  tape. Exa.nlple I1 would be placed i n  t he  deck inmediately 
following %he cards which define case parameters a t  t he  beginning of t h e  
mission. Data cards defining changes which a r e  t o  take place a t  36 min. 
should f o l l o ~ r  and they a r e  termicated by card JJ, The number 71 i n  calumns 
13 - 20 of card I1 indicates  t'tiaJ'i, the  case parameters w i l l  be changed again 
when a t r a j ec to ry  time of 71min.  i s  reached. After card JJ, add i t iona l  data 
cards would be placed t o  define case parameters beyond 71 min. These changes 
would be followed by a  blank card,  Since card JJ does not contain a  nmber 
i n  columns 1 3  - 20, the  l a s t  s e t  of data read w i l l  be used t o  compute u n t i l  
t h e  end of t he  t ra jectory.  If comput8tions fo r  times beyond 71 min. were not 
des i red,  card JJ could have been replaced by a  blbnlr which would have termi- 
nated t he  case a t  7 1  min, 

V. PRCGRAM OUTFUT 

-- - . . . . . 1 1 - - , - 2 - , - 2 -  
1 l l C  LII'VLL*'dSl 1ldS b V I L 1  L V U G b  UL UUL;JUC,  ' ~ ~ L L J l U G U  V U u y U v ;  .-,* -A- -- 

always generated, and p lo t ted  output, which can be obtained a s  an option fox' 
each surface element. 

A .  Printed Output -- 
The pr inted output format i s  i l l u s t r a t e d  i n  Fig. 2. A t  the  begin- 

ning of t h e  output of each case, t he  case number i s  pr inted foll.o~red by t he  
comments fo r  the  case. After t h e  comments, information ident i fying p lane t ,  
o r ien ta t ion ,  o rb i t ,  sun pos i t ion  and vehicle r o l l ,  i t c h  and yaw are  pr inted.  
These items a re  a11 c l ea r ly  labeled.  Final ly ,  a l i s t  of element data i s  
pr inted.  For each element used i n  t he  case, the  sequence number i s  pr inted 
fo l lo~red  by t he   ode nw~ber ,  t he  angles 9n and A n  giving the  orientat iorl  
of the  element with res2ect  t o  t he  body coordinate system, the area i n  square 
f ee t ,  and t he  coating mate r ia l  nmber.  A l l  angles a r e  given i n  degrees. 

The element l i s t  coccludes t he  outprrt descl*ibing Lhe case being run .  
It i s  fo l lo~red  by one or nore pages of h e a t f l u x  tabula t ions .  A t  t he  head of 
ea,c'rl page of heat  fluxes i s  a l i n e  of al.pl-rameric o ~ ~ t p u t  r.ihich i s  k k e n  frcm 
the  f irsJc ccomnent card. fo r  ca.se j.f a,? orb i - t s i  missj.on i s  being, run o:c fiqc?3 

the  i den t i f i c a t i on  record on tape,  if -the missj.or, i s  defined by " c r e j e ~ ~ y  
tape .  



@ -  CASE NULBER 211 
-- - 

TEST OF PROGRAM OPTION TO CONTROL PLANET TEMPERATURE AT LOU ALTITUDES 
- ~ A K T N - T E ~ ~ ~ ~ ~  N 

.- - . M. -__ -- - -- -- - - 

I. PLAhET EARTH _ -- SATELLITE --- 12 PLA-NET ORLENTED-- - PLAhET T E ~ R A T U R E  I S  CONSTANT - _ - - __ 

I * -  
A m -  PERIGEE P H I ~  OPHI SIGMA BETA PHIL PHOUT 

30.00000 _=.OU000 90.00000 133+5602 286.34396 - 1c'u.coooc t O O . ~ O O O ~ ~ ~ ~ .  _ _ - 

SEQ. NODE ' iTdMBbA - -- 7lH€GA - 7 R E X -  G%Tl%F - -- - . 
1 _ 1 120.000 45.000 1.00000 -- . . 

-- ....... - . -- ...... 

TFST OF PROGRAM oPrrcN TO CONTROL PLANET TEPPERATURE A T  ICU ALTITUOES 
-- - 

- -  - -- 
. 

---INCIDENT HEAT FLUXES-- ------ A8SORBEO HEAT FLUXES------ A B < O ~ ? ~ ~ T = -   HA-% 

SUN ALE- PLN SUN PLN 
I V I N e l  10EG21 - BIHR-SPF BIHU-SQF BIWR-SPF BIHR-SPF BIHRSQF-8LHR-SPF RIHR-SOF 

@ -  0. n. L 11.18 128.09 81.38 3.36 11s%2a 200.02 0.30~ O.~GC-O.~~JU 1.c I.J 
88.17 1028.99 00 26!45- 926.09 952.54 0L3_00 0.300 0.903 1 . L  1.0 -. - -- : 4 2 ! : 9 ~ - 1 ~ . ~ - 9  128.37 3-49 115.28 247.14 0.300 0.3$-9%0 1.' 1.J . 

7.33 3d.00 7.r I Z B 1  128.09 93.97 3.W 115.28 213.13 0.30G 0 .302  C.S(i0 1.0 I r J  
2 0. 113rlZ_ 1_02&99 0. 31.12 -9_26.09 957.20 0.300 0.3r.O 0.96U 1.0 1.J 

• 3 515;s- 12.91 rz8.ns-- 93.97 3.87 115.28 213.13 0.300Ur3000.900 I.O I.a . i 

Fig. 2 - Typical Printed Outgut 



I 

i l i l ~  
' I '  r: a l s o  pr in ted which gives l abe l s  and un i t s  f o r  each 

! t i l e  tabu]-ation, The f i r s t  two columns a r e  labeled TINE 
' ! I  

I i t  I ' 1  1 %  f r :  i n  minutes and t r u e  anomaly, @ , i s  i n  degrees. If 

' 1 1 :  I ,  I ,  I 
' 1 '  i s  being run,  time and a re  pr in ted o11ly for tile 

I \  t i \  / I  [ I , !  tape  missions, a  vsl-,re of 180' i s  pr in ted f o r  fl , 
I : ' / I  I I lrss no r e a l  s ignificance.  The element l abe l s  (or node 

I ' I !  
I '  i i  I '  1 1 1  I t !  ill the  t h i r d  colulcn. If program con t ro l  parameters 
li , ,  ( 1 ,  , I (  f y u i r e  t h a t  incident  heats  be pr in ted,  these  come next. 

, a  

I 1 1  I 1 1 1  l I ' ' ' 1  i'l,cr incident  hea-ts or a f t e r  element l abe l s  i f  incident  
1 , " I I , I1ollowing absorbed hea t s  a r e  ab so rp t i v i t i e s  f o r  so l a r ,  

! I  
" ' 1  \ / / I ' l l  i 1 

' l i  I , ,  and l a s t  cone shadow fac to rs  fo r  sun an8 p l ane t  

1 1 1  I , ' I t ~ l l t o r s  of 0. and 1. indica-te completely shadowed and 
" 1 ~ 1 1  cases, respect ively .  

I 1  
' i  ii, 

1 1  1 ,  
, ) I  $ 1  1 1  1 s t  

' fll!)rc elements a r e  lumped together  only one l i n e  of output 
1 I 1 , ' i n t i o n .  In  t h i s  case, heats  pr in ted a r e  t h e  sums of 

1 1 , )  , ' I I i.ndividua1 elements , The abs orpt  i v i t i e s  and shadow 
irlclr only t o  the  l a s t  of t he  elements which a r e  lumped 

i ? \  i\i\ 1'1 $ 1  i 
' I i  ' I '  I /  ) / I  ( ) / I  ' ' I  ' \ \ I  !.: which a r e  lumped togeC,her, t he  heats  represent  t he  

' ' ' 1  l.lle cornponfin.'; pa r t s .  Wlen the  program option to p r i n t  \ \ * , ' s " l l i % ,  I,, , , >  > 

8 ,  l l i l : l i l  I !  Q I h e  c 1 .  ?-ae .clnn OT npa.7, I I . I J X ~ S  10r. L Y : ~  U; 

111 l ' ' be meaningful. 

lii ,jl:ted output i s  shown i n  Fig. 3 .  I f  p lo t s  a r e  r e w i r e d  
"' r\ks run i n  a case,  t h e  program w i l l  genera-te one general  

' " ' z '  \illi.ch gives t he  u s e r ' s  Ciescription of t he  case t o  fo l l cv .  
''.Is inay be used f o r  t h i s  descr ip t ion.  These w i l l  no-mally 

/ ' / / , /  "'"\~.'~\t,s read fo r  the  case (on cards with card code 10) .  
i t t j r . y  tape  missjons the  f i r s t  coil'ment i s  repla,ced by t he  
" ii from the  tyaJectory  tape.  Hence, i f  the  user wishes t o  

1 , , "''%'nt f o r  t r a j e c t o r y  t ape  cases,  he should place a card 
a $t\ept t e n  (10) i n  columns 1 and 2 ahead of t he  f i r s t  
"\ "conment" w i l l  then be replaced by the  t r a j e c t o r y  iden- 

t . \ - i~  conments w i l l  be re ta ined .  



Fig. 3 - Typical l.?l.oLLeci Gutput 



Following t he  gencral  i den t i f i c a t i on  Pram a r e  add i t iona l  frames - 
each containing graphs of heat  loads fo r  one of t he  elements requiring p l o t s .  
The f i r s t  four l i n e s  of general  corments a r e  repeated a t  the  top,  along with 
t h e  case number and data describing the  eleraent. Four curves a r e  drawn on 
t he  g r i d  representing so l a r ,  albedo, planet  and t o t a l  heats .  There a r e  
labeled with t he  l e t t e r s  S, A ,  P and T, respect ively .  

For elements which a r e  lumped together the  heats  represent; t h e  sum 
of the  heats  fox- t he  component pa r t s .  When the  program option t o  p r i n t  f luxes  
r a the r  than t o t a l  hea t s  i s  used, t he  s ~ m  of heat  fl.uxes f o r  two o r  more e le -  
ments may not be meaningful, 



APPENDIX A 

NODE LOCATIONS 





NOTE:  

NOZZLE N U M B E R S  INDICATED. READ l8.I PAIRS, 
THE F IRST NO INDICATES STEM OF NOZZLE,  
THE SECOND NO. II4DICATES BELL  OF NOZZLE. 





I k/ 
FWD 





SE U B - 8  
JI L FOR EACH PISTON 

SECTION A-A 



II I -'?. REACTION CONTROL SYSTEM 

FWD AFT -. 

SURFACE AREA OF SERVICE PAODULE -- -. - -- 

TYPICAL REACTION CCh'i:>i S\ 5TEhl QUAD 
SEE TABLE FOR NOCAL ~SIHIBUTION 



+ T b  COMMAND MODULE [--SER\'ICE MODULE 

....- I A 
- O r  '7 

AFT- 

-2, 

ORIENTATION DETAIL 

TROL SYSTEM QUAD 
\L DISTRIBUTION 



APPENDIX B 

NODE DATA 



Plrde Area 
Full Scale 
(tt.2) -- 

10 1 4.34 1 U3.42 270.0 
11 4.51 67.0 270.0 
I2 undefined 
13 : 1 "::" 270.0 
14 3.82 90.0 263.5 

92.0 263.5 
23 1 149.50 180.0 
24 1 180.0 umlef ined  
25 M9.50 

3.36 180.0 
27 0.69 90.0 180.0 
28 0.51 135.0 270.0 

135.0 90.0 
180.0 undefined- 

51 0.32 90.0 

180.0 wdcf in& --- 
la0.0 undefined 
166.0 0 
90.0 90.0 
99.0 76.0 

vriief ined -- 
0 

52 O.OL36 00.0 270.0 

Drawing 2846-46 

Drawing 2846-45 

SERVICE HODLTLE 

llales 406-565 ilcdes 566-950 

Drawing 2846-47 Dmwing 2846-48 

1-3'22 ARE LEATED Oil TEE IEM ASCEirT STAGE 
(DRllh'UJG 2826-45) 

2846-45 F-9 
45 F-9 j 1. Area i s  0.0 f o r  Configurat ions 2,5. 

45 F-9 : 2. Area i s  3.23 f o r  Configvrations 2,s. 

45 F -9 . 3. ).re& is 3.23 f o r  Configurat ions 2,5. 

- licde L c a t i o n  
Drnvi.8 '3uvher Lcz&tion C u i e  -- - - -- -- -- h r t e s  - 

\--L&Jl D E d E I R '  STAGE 
Itaies 323-405 



GEamRIC CnTk (cont inued) 

Node 
i-er 

1-322 ARE IEAl'EO Oil TEE LM ASCENT STE.GE 
(DFCAWIIG 28.46-45) 

90.0 284.0 2046-45 i 45 

G-8 
90.0 180.0 0-8 

h c a t i o n  of SKrfacc Eleinent 

on 41 
idei:rees) d -- - 

Itode Area 
F u l l  Scale 

(fi .') 

90.0 180.0 45 H-5 
90.0 166.0 45 H-5 

180.0 undefined 45 H-5 
166.0 90.0 45 H-5 
90.0 0 45 H-5 

l#dc Loznt i on 
DravinL llirbcr 1icr:t ion C d e  Notes --I-==- 

90.0 14.0 45 H-5 
0 utidef ined  45 1-5 

14.0 90.0 45 1-5 
90.0 270.0 45 H-5 

180.0 urjlef ined 45 G-3 

90.0 104.0 45 
0 undefined I 45 G-3 

- I 

90.0 - 0 45 G-3 
90.0 299.25 45 F-3,I-5 
90.0 343.0 45 F-3,1-4 

180.0 undefined 45 G-5 
180.0 undefined 45 F-4 
168.92 0 45 F-5 
168.5'2 0 45 E-5 
180.0 undefined 45 F-5 
168.92 0 45 F-5 
160.92 0 45 E-5 

90.0 
0 undef insd 

135.0 270.0 
180.0 w d e f  i ned 



Naie Area h a t i o n  of Surfncr E l c m g  
F u l l  3-ole fh, A?. 

1 - r -  &.&ce? 1 & 4 ~ *  

undefined 
0.0436 u d e f  ined 
0.139 

1-322 ARE L E A T Z D  O!i T I E  LM LSCEYr STAGE 
(DIRWTI~G 2846-45) 

0.0436 90.0 90.0 45 D-8 
0.139 90.0 76.0 45 D -8 
0.0436 180.0 undefined 45 D -8 

138 0.139 166.0 0 45 D -8 
0.0436 90.C 270.0 45 E-8 

0.165 
0.0436 270.0 
0.139 90.0 256.0 
0.0436 180.0 undefined 
0.139 166.0 180.0 
0.0436 90.0- 90.0 

I*" I " .W> I 4u.u L"-.<, 

140 
14 1 
142 
14 3 
144 
145 
146 
147 
148 
149 

P a n e  
45 4 1 169 Area ii the T r ~ a n ~ ~ l i i  i.px SUFI"~~C. 

Excludinr t h e  Prolect-E Cf 163 

0.139 
0.165 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 

45 B-5,E-2 
45 B-4,E3 
45 B -5 
45 E-10 168 The Surface i s  Pere l le l  to the Y-Z 

90.0 284.0 
90.0 180.0 
90.0 ' 180.0 
90.0 194.0 
0 undefined 

14.0 270.0 
90.0 0 
90.0 346.0 

180.0 undefined 
166.0 270.0 

170 
17 1 
172 

173 
174 
175 
176 
177 
17 8 
17 9 
180 
7.- 

181 
I 
163 

45 E-8 
45 D -8 
45 C -5 
45 C-5 
45 C-5 
45 C-5 
45 D -5 
45 D -5 
45 D-5 
45 D -5 

1.17 
1.72 

16.91 

3.09 
2.93 
4.94 
0.80 
4.94 
2.60 
5.00 
8.96 
8.96 

27.41 
0.52 

90.0 90.0 
90.0 0 
64.2 180.0 

90.0 142.6 
90.0 108.25 

116.0 154.0 
2 3 . 0  90.0 
116.0 26.0 
45.0 90.0 
0 undefined 
0 uldef incd 
0 urjlef iiied 
0 undefined 

75.0 270.0 

45 B -4 
45 E -2 
45 F-10,N-6 

45 A-6,E-10 
45 A-6,E-10 
45 A-5,E-10 
45 A -5 
45 A-5,s-1 
45 A-6,N-5 
45 N-5 
45 i,i-6 
45 I,-6 
45 8-5 
45 M-5 



CECiLtTRlC DATA (cant lnued) 

cde Area 
' u l l  Scale 

(1-t 

0.52 
7.02 
5.00 
2.60 
3.09 
2.93 
4.94 
0.80 
4.94 
2.89 
3.90 

16.53 
8.44 

24.03 
8.27 
9.86 
3.54 

U.ll  
6.53 
5.73 
5.73 
5.73 
5.73 
5.32 
0.69 
0.51 
0.20 
0.50 
0.32 
0.20 
0.50 
0.32 
0.69 
0.0436 
0.139 
0.0436 
'. ,133 
U.045b 

0.139 
0.0436 
0.139 
0.165 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.133 
0.165 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0.165 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0.0436 

aestion of Surface Elerrcnt 

38.0 O -  
0 iu~dcf ined 

0 undefined 
0 u d e f  ined 

90.0 15.0 

90.0 0 
90.0 180.0 
45.0 90.0 
45.0 270.0 
0 undefined 

90.0 270.0 
135.0 90.0 
90.0 90.0 

180.0 undefined 
90.0 0 
90.0 180.0 
90.0 194.0 
0 undefined 

90.0 346.0 
180.0 undef ined 
166.0 270.0 
90.0 90.0 

l80.0 undefined 
166.0 0 
90.0 270.0 
90.0 284.0 
0 undefined 

14.0 0 
90.0 90.0 
90.0 76.0 
90.0 180.0 

180.0 d e f  ined 
166.0 180.0 
9G.0 90.0 
90.0 104.0 
0 undefined 

1-322 AP.E LCCATED 014 TilE LE!4 ASCERT STAGE 
(DIU<dlk;G 2846-45) 



GEOIOJPRIC DATA (continued) 

linir Locat ion ---.- 

251 
252 
253 
254 
255 
256 
257 
258 
259 

0.139 
0.165 
0.69 
0.51 

90.0 1 0.0436 90.0 90.0 180.0 90.0 0 
0.139 90.0 166.0 

264 0.0436 180.0 undefined 

0.20 
0.50 
0.32 
0.20 
0.50 

45 45 45 K-5 F-10 G - 1  

45 K-5 
45 5-5 

265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 

104.0 90.0 
0 undefined 

90.0 180.0 
45.0 270.0 

280 
281 
282 
283 
284 

1-322 ARE LOSATD ON TKL LEM ASCEtiT STASE 
(DXHING 2846-45)  

284645 N-5 
45 N-5 
45 G-10 
45 K-5 

135.0 270.0 
90.0 270.0 

180.0 undef lned 
45.0 90.0 
0 wdef ined 

0.139 
0.0136 
0.139 
0.0436 
0.139 
0.165 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0.165 

290 
291 
2 92 
293 
294 
295 
296 
297 
298 
299 

300 Area was Ag~roximated by a Ci rc le  
301 Area Approxlrated by a C i r c l e  

45 K-5 
45 K-5 
45 G-10 
45 L-5 
45 L-5 

0.0436 
0.139 
0.0436 
0.139 
0.0436 

315 Aren Approxirated by a Ci rc le  - 
316 Ale8 Approxirateti by a Circle 

166.0 90.0 
90.0 0 
90.0 14.0 
0 urdefined 

14.0 90.0 
90.0 270.0 
90.0 270.0 
90.0 284.0 

0 undefined 
14 .O 0 
90.0 90.0 
90.0 76.0 

180.0 undefined 
166.0 0 
90.0 180.0 

0.139 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0.165 
3.90 
2.89 

45 5-5 
45 K-5 
45 K-5 
45 K-5 
45 K-5 
45 K-5 
45 . G-10 
45 G-10 
45 G-10 
45 G-10 
45 F-11 
45 F-11 
45 G-10 
45 G-10 
45 G-10 

0 undefined 
14.0 180.0 
90.0 270.0 
90.0 256.0 

180.0 u d e f  in& 

45 0-1 
45 G-1 
45 G-1 
45 G - 1  
45 0-1  

104.0 180.0 
90.0 270.0 

104.0 270.0 
90.0 0 

104.0 0 
90.0 90.0 

104.0 90.0 
0 undefined 

90.0 45.0 
90.0 72.8 

45 L-6 
45 L 5  
45 L-5 
45 L-5 
45 L-5 
45 L-5 
45 L-5 
45 L-5 
45 A-5,E-1 
45 A-5,E-1 



GEWEPRIC DATA (cont iniiod) 

180.0 undefined 
0 undefined 

90.0 270.0 
90.0 80.0 

1-322 ,iR.F IIXATK§ CI; TEE LW ASCEHT STAGE 
(DRAWIliG 2846-45) 

323-405 ARE IBZATED 011 T E  L34 DEXElrT 
STAGE (DHAh'IlX 2546-45) 

323 Inclreies Ladder D l a t f o m  
323-330 Ilwclwie t h e  Ci rc le  a t  t h e i r  

Apex 

20.24 90.0 180.0 
180.0 urdcf ined 

37.03 135.0 270.0 

32.37 90.0 270.0 
21.55 48.0 253.0 

Rectangular Surface 

335 1 32.37 1 0 undefined 

338 Area Approximted a s  a F l a t  
Rectaneular  Surface 

46 E-6 
46 F -3 
46 G-3,J-5 

46 J-6 
46 G-10,J-7 

46 F-10 

332 Area Approximted a s  a P l a t  
Hectangular Surface 

334 Area Approslvnted a s  a F l a t  
R e c t a n y l e r  Surface 

336 1 37.03 1 45.0 90.0 1 46 C-7,E-10 1 336 Area Approxirated a s  a F l a t  

352 2.56 180.0 undefined 
353 

354 0 

340 
341 
342 

16.88 
2.56 
6.69 

360 
361 
362 
363 
364 
365 
366 
367 
368 
369 

3.28 
1.04 f 3.28 
1.04 

374 7.10 

90.0 0 
0 u d e f  ined 

15.0 180.0 

0.94 
3.31 
0.94 
2.71 
6.69 

17.03 
3.28 
1.04 
3.28 
1.04 

90.0 63.5 

90.0 0 undefined C3.5 
0 untlef i n e l  

90.0 103.0 

46 0-7 
46 0 -7 
46 A-7,F-11, 

K-7 -0-7 

74.0 0 
90.0 0 

106.0 0 
45 $ 0  270.0 
62.0 251.0 
90.0 0 
90.0 243.5 
90.0 243.5 

180.0 undefined 
180.0 undef ined 

46 N-7 
46 11-7 
46 W-7 
46 N-8 
46 0-7 
46 0-6 
46 II-6,K-1 
46 I-6,L-7 
46 1-2 
46 1-1 



0EO:ETHIC DATA (continued) 

323-405 AF.E LCCATKI 01: THE Mi DEXZL;IT 
STAGE (DWCvlTIiG 2646-46) 

8.75 90.0 0 46 0-3 
3.28 90.0 116.5 46 A-5,D-6 
1.04 90.0 116.5 46 A-6,C-6 
3.28 0 undefined 46 D-10 
1.04 0 undefined 46 C-11 
3.28 90.0 296.5 46 8-6 
1.04 90.0 296.5 46 Q-6 
3.28 100.3 undefined 46 D-1 
1.04 180.0 underined 46 C -2 
7.10 90.0 180.0 46 C -6 

406-565 ARE LaCATEC 0iJ THE CO:t.LUiD IKODUU; 
(DM\i11?~ 2846-47) 

407 Area  on t h e  Cmlsnd tlciiuie under t h e  
Conluit was Excluued 

1 1 0  i l l  n--..-.--, r. l̂ n r 4'inan.,C nn-1 

7 .  .,- . . - - , a , > - " - - *  

Calculations 



GE@,EPRIC DKPA (continued) 

lde Area 
'ull Scal~ 

&b2i 

0.67 
0.73 
1.04 
1.60 
0.76 
2.05. 
2.12 
1.80 
1.48 
1.78 
1.72 
0.62 
2.15 
0.62 
0.70 
2.43 
1.11 
3.E 
3.07 
2.61 
2.48 
2.94 
2.88 
1.04 
2.57 
0.73 
0.72 
2.50 
0.73 
2.64 
0.76 
2.05 
2 .12 
1.80 
' 0" - -  - 
C.IL 

2.05 
0.76 
1.60 
1.04 
0.73 
0.73 
2.64 
0.76 
2.05 
2.12 
1.80 
2.49 
2.94 
2.88 
1.04 
2.57 
0.73 
0.72 
2.57 
0.68 
2.36 
1.u 
3.02 
3.07 
2.61 
1.48 
1.78 
1.72 
0.62 -- 
2.15 
0.62 
0.73 
1.04 
1.60 

Inca t ion  of Surface E L ~ i r c  

G, 
Iaegreesd (ac>ees) 

147.0 0 
147.0 0 
147.0 0 
147 .O 0 
180.0 undefined 
164.0 90.0 
143.27 25.12 
143.27 25.12 

No30 Location -- 
Drawin.; Ii.!-~bcr hzazion C a i e  -- - "0% 



CEaGTfiIC DATA (corltinued) 

t ide  
Itumber = 

icde Area 
u l l  Scale 

( f t . 2 )  -- 

0.76 
2.05 
2.12 
1.80 
1.61 
1.91 
1.84 
0.67 
2.36 
0.67 
0.67 
2.36 
0.67 
1.84 
1.91 
1.61 
2.01 
2.39 
2.33 
0.83 
2.99 
0.87 
0.72 
2.50 
0.69 
1.91 
1.97 
1.68 
1.61 
2.94 
1.64 
0.67 
2.36 
0.67 

- - V.41)J 

U. 4UJ 
0.405 
0.405 
0.243 
0.243 
0.243 
0.243 
0.243 
0.243 
0.243 
0.243 
0.243 
0.243 
0.243 
0.243 
6.45 
2.74 
2.42 
2.90 
2.90 

0.772 

0.328 
0.772 
0.328 
0.339 
0.0436 
0.139 
0.0436 
0.139 
0.0436 

141.0 30.0 
70.5 300.5 

118.0 236.0 
135.0 130.0 
70.5 63.5 

145.0 325.0 
112.0 112.0 
76.0 3U.O 
19.0 193.0 
90.0 0 
0 d e f i n e d  

32.5 1ao.o 
90.0 83.33 
90.0 276.67 

106-565 ARE L03ATED O:; TIE CC<II'S\ND EO3UIE 
(DRkWI1.G 2846-47) 

47 1-3 
566-950 ARE IKAT>JI  03 332 ZZ<VICE Z133ULE 

(u%iwn;c e&6-:8) 



GECEEI'RIC DATA (font iiiued) 

Pinie h a t  ion 
Notes 

566-950 ARE ID2ATI.D OIi TILE SEi7VICE MODULE 
(DRAWIKG 2846-48) 



laie Area 
'ull "axle 
-( rt . 2~ 

0.0436 
0.139 
0.0436 
0.139 
0.0436 -- 
0.139 
0.165 
0.772 
0.328 
0.772 
0.323 
0.359 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0,0436 
0.139 
0.165 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0.165 
0.0636 
0.139 
0.0436 
0.139 
C.1456: 
0.139 
0.0436 
0.139 
0.165 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0.0436 
0.139 
0.165 
0.772 
0.328 -- 
0.772 
0.328 
0.339 
0.043E 
0.139 
0.0436 
0.139 
0.043E 
0.139 
0.043E 
0.159 
0.165 
0.043E 
0.139 
0.043i 
0.139 
0.04ZE 
0.199 



0E:Oi'~GTRIC DATA (continued ) 

licde 
Nmher - 

764 Ease Area of t h e  Reaction Con t ro l  
Engine i s  no t  I n c l ~ d e d  i n  t h e  
l:&l Area 

I l d c  b&t ion 
Dn: .~ir ,~ lh.nucf h-*i_qita!e - -- - 

I lde  Area 
F u l l  Tpalc 

( f t  .') _- I!&Ps 



GECX.mRIC DATA (continued) 

Ncde Area 
Full Sca le  

( f t  .>) 

556-950 M E  ILXATumEC 01: TIE SWVICE NODULL: I (DIYIUl l i  2846-48) 

-9- ...*- +, . *-?,a. ,A z 7 -1. .,-a 

i n  t h e  licdnl Area 

8I.l Area of t h e  Conduit is not  Included 
i n  t h e  1:cdol Area 

812 Base Area of t h e  Reaction Con t ro l  
Engine i s  not  Included i n  t h e  
N a b 1  Area 

824 Area of t h e  Conduit i s  not  Included 
i n  t h e  I?&al Area 

825 Area of t h e  Cocduit i s  not  Included 
i n  t h e  k i d 3 1  Area 



GErhJXPRIC DATA (cont iriued) 

B a l e  

h e -  

838 
839 
840 
841 
842 
843 
844 
845 
846 
841 
848 
849 
850 
851 
852 
853 
854 
855 
856 
857 
858 
859 
860 

861 
862 
863 
864 
865 
866 
867 
868 
869 
-,* 

- a  

872 
873 
874 
875 
876 
877 
878 
879 
880 
881 
8@ 
883 
884 
885 
886 
887 
888 
880 
890 

4 Nde Arra 
F u l l  S ale  F 
-(fi ) 

3.08 
3.09 
3.22 
3.64 
3.64 
3.22 
3.08 
3.08 
3.08 
3 . a  
3.08 
3.09 
3.08 
3.0a 
3.08 
3.08 
3.08 
3.08 
3.22 
3.64 
3.64 
3.22 
2.38 

3.W 
3.08 
3 08 
3.08 
3.08 
3.08 
3.08 
3.08 
3.08. - .-., - . u., 
3.22 
3.64 
3.64 
3.22 
3.08 
3.08 
3.08 
3.08 
3.08 
3.08 
3.08 
3.08 
3.08 
3.09 
3.W 
3.03 
3.22 
3 64 
3.64 

1iote. j  

566-950 AR!i ICCIITFD 01, THE SERVICE L(0DUffi 
(DMWIIIG 2846-48) 

- 

860 Base Area of the Reaction Control 
Engine 1s not Included i n  the 
N & l  Area 

142.5 270.0 
1 4 2 2  270.0 
142.5 270.0 
142.5 210.0 
157.5 270.0 

3.08 157.5 270.0 
3.03 157.5 270.0 -- 

157.5 270 0 

3.09 157.5 270.0 
3.03 157.5 P70.0 

Ia"ntt0n of 5 u r P ~ c e  Ele-crt 

p,, 
(d+.rees, A~ -- 

31.5 270.0 
37.5 270.0 
37.5 270.0 
37.5 270.0 
52.5 270.0 
52.5 270.0 
52.5 270.0 
52.5 270.0 
52.5 270.0 
52.5 270.0 
52.5 270.0 
52.5 270.0 
67.5 270.0 
67.5 270.0 
67.5 270.0 
67.5 270.0 
67.5 270.0 
67.5 270.0 
67.5 270.0 
67.5 270.0 
82.5 270.0 
S . 5  270.0 
82.5 270.0 

82.5 270.0 
82.5 270.0 
82.5 270.0 
82.5 270.0 
82.5 270.0 
97.5 270.0 
97.5 270.0 
97.5 270.0 
97.5 270.0 
" .- - - - -- 
", ." ..,"." 
97.5 270.0 
97.5 270.0 

112.5 270.0 
1 2 . 5  270.0 
112.5 270 o 
112.5 270.0 
l l2.5 270.0 
112.5 270.0 
l l 2 . 5  270.0 
1l2.5 270.0 
127.5 270.0 
127.5 210.0 
127.5 270.0 
127.5 270.0 
127.5 270.0 
127.5 270.0 
127.5 270.0 
l27.5 270.0 
142.5 270.0 
142.5 270 0 
142 5 270.0 
142.5 270.0 

40 C -9 
48 D-9 
48 D-9 
48 D-9 
48 D-10 
48 D-10 
f 8 D-10 
48 C -10 
48 C -10 
48 C-10 

Noie I n c n t i o n  -- 
E=J.~Z u;.ti<>n a,. - - - = z z -  

2846-40 C -7 
48 C -7 
48 B -7 
48 0-7 
48 0-7 
48 B-7 
48 C -7 
48 C-7 
48 C-7 
48 D-7 
48 D-7 
48 D -7 
48 D-8 
48 D -8 
48 D-8 
48 C -8 
48 C-8 
48 C -8 
48 B -8 
48 B-8 
48 B -8 
48 B -8 
48 C -8 

48 C -8 
48 C-8 
48 D -8 
48 0-8 
48 D-8 
48 D-8 
48 D-8 
48 D-8 
48 C -8 
.- " - 
=- "-" 
48 B-8  
48 B -8 
48 B-9 
48 B-9 
48 C-9 
48 C -9 
48 C -9 
48 D-9 
48 D-9 
48 D-9 
48 D-9 
48 D-9 
48 D -9 
48 C -9 
48 C -9 
48 C -9 
48 B-9 
48 B-9 
48 B -9 
48 B-9 
48 C -9 
48 C-9 



oie Area 
u l l  bcalc 

&a- 

3.22 
3.61 
3.64 
3.22 
2.38 

3.00 
3.06 
3.08 
3.0s 
3.08 
3.03 
3.08 
3.05 
3.05 
3.08 
3.08 
3.22 
3.64 

13.37 

9.14 
13.42 
ll.@ 
14.82 
3.99 
3.65 
4.87 
8.94 
3.58 
7 72 

1.12 
1.32 
0.83 
0.83 
3.68 

25.49 
1-92 

25.49 
1.9 

25.49 
1.92 

25.49 
1.92 

25.49 
1.92 

25.49 
1,92 

53.12 

90.0 180.0 
90.0 180.0 
90.0 180.0 
90.0 IB0.0 

180.0 undefined 
79.0 119.0 
30.0 124.0 
40.0 - 256.0 

123 0 225.0 
129 n 35.:. r. 
58.0 180.0 

162.0 270.0 
58.0 270.0 

90.0 43.0 
$0.0 90.0 
4G.2 208.3 
46.9 280.3 
2C.O 48.0 
20.0 43.0 
75.1 7G.3 
75.1 7G.5 , "7 ->a. 1 71.7 

133.1 71.7 
160.0 311.0 
1 G O .  0 312.0 
104.0 203.7 
10t.3 253.7 
90.0 l C O . O  

566-950 N i p :  LDr:fi"i'U! C:. TJ-? SEPVICE KeDULE 
(DR,'iWIliG 2E46-48) 

908 Bose Area of the  Reacticn Ccntrol 
Engine i s  not Included in t h e  
l c d a l  Area 

922-926 Excludes the  Vertlcel  A r e a  
Between the  T-.o Circ,;lar 
Segments, Locatfor. C;de 
K-8, 9; L-7, 8, 9; e d  M-8,9. 
Drawing 2846-48 

939-949 Ewcludes the Enclose5 Circle 



APPENDIX C 

ILLUSZI1ATIOXS TO FACILITATE DATA D..EPARATION 



Fig. C-l - Surface Node Coordinates, & and An 



r SUBSOLAR POINT 

VEHICLE OR61T 

z P r PERIGEE 

ZP r PERIGEE 

Fig. C-3 - Ik thods  of  Dcfininy, i!le Solar Vector 

- -, 



IftlTERSECT1e)N OF 
6 R B i T  PLANE 

INTERSECTION OF 
CELESTIAL REFERENCE 

ASCENDING NODE 

LINE OF NODES 



/ 1 .  - R O L L  
1 C L O C K W I S E  ROTATION 

/ A B O U T  X T H R O U G H p  

2 .  PITCH 

C O U N T E R C L O C K W I S E  
R O T A T I O N  ABOUT Y 
TI4ROUGI-I  $ 

YAW - 
C L O C K W I S E  R O T A T I O N  
A B O U T  2 THROUGH 7) 



ROTATIONAL 
A X I S  

Fig. C - 6  - Rota t iona l  Axis Coordinates I l l u s t r a t e d  for the  
Case SZr = 90' and A, = 180' 



ECLOPTIC PLANE 

NOTE: EARTH'S X,Yc AXES LIE IN ITS EQUATORIAL PLANE 

Fig. C-7 - C e l e s t i a l  Coordinate System f o r  Earth ( ~ e o c e n t r i c )  
and Other Planets  ( ~ o d i f i e d  Hel iocentr ic)  



PLANET- 
ORIENTED 

SUN - 
nnicwrcn 

STAR - 
ORIENTED 

ORBITAL MISSION TRAJECTORY TAPE MISSION 

P L A N E  P A R A L L E L  TO 
EQUATORIAL P L A N E  

P L A N E  PARALLEL TO 
EQUATORIAL P L A N E  
OF E A R T H  7 

* P 

I ,' // x / 

ORBIT 

VEHICLE TRAJECTORY 

P L A N E  PARALLEL TO 
EQUATORIAL P L A N E  
OF EARTH ------r 



CONFIGURATION NO I 
APOLLO WII t4  ADAPTER 
AND S - I V B  STAGE OF 
SATURN C - 5  

CONFIGURATION NO. 2 
SM, CM, ASCENT L E M ,  AND 
DESCENT L E M  

CONFIGURATION NO. 3 
ASCENT AND DESCENT L E M  

CONFIGURATION NO. 4 
ASCENT L E M  

I 
i 
1 CONFIGURATION NO> 
1 SM, CM, AND ASCENT L E M  

' X b  

I 
I I 
I 

! ' Y b  

CONFIGURATION NO. 6 

SM AND CM 
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S W * M Y  OF FRIKC IPAL COGRDIPRTE SY STENS 





APPENDIX E 



Planet  code numbers and the values of p l  ne t  proper t ies  s tored and 
used by the ccnlputer program are  tabulated below. 9 These data  may be nlodif i ed  
fo r  any given case by means of the 03 planet  type data  card ( see  Sec t io~?  111-D). 

Planet  
Code 

Earth 
Moon 
Jup i te r  
Mars 
Mercury 
Neptune 
Saturn 
Uranus 
Venus 

Distance 
from Sun 

(n,m. ) d 
Radius 
(n  .m. )d Albedo 

Adjusted 
Cold Side 
Temp. ( OR) d 

" ~ i s t a n c e  from sun" and moon1 s mass da ta  from Fo~ule .g Radius, mass and 
albedo da t a  from E h r i c k e , d  except the  albedo values for  the  e a r t h  and 
moon were spec i f i ed  by the  NASA Project  Engineer. 

Values s to red  i n  the  program a r e  i n  f e e t ;  values i n  the above t ab l e  a r e  i n  
nau t ica l  miles bu t  a r e  equivalent t o  those s tored within the  program. 

Cold s ide  temperatures a r e  used only w i t h  the  va r iab le  p lanet  temperature 
option, which was developed espec ia l ly  fo r  c e l e s t i a l  bodies t h a t  have a 
negl ig ible  stmosphere ( e  ,g.  the  moon). I f  t h i s  method i s  used f o r  other 
bodies, the  predic ted temperature gradients  may be too  large  because 
atmospheric conduction and convection i s  neglec-Led. The program nalres 
some compensation by employing "adjusted" cold s ide  tenlperatures ~ r h i c h  
were spec i f i ed  by the NASA I 'roject Engineer; however, it i s  recornmended 
t h a t  the  var iable  terrqerature method be eifipl-oyed primarily f o r  bodies 
l i k e  the  rnoon (i . e .  , with a neg l ig ib le  atmosphere). 



APPENDIX F 

MATERIAL PROPERTIES DEFINED -- BY THE PRCGRAM 



Absorpt iv i t ies  of s i x  ApolLo mater ia ls  f o r  s o l a r  rad.iation a 6. 
p lane t  r a d l a i i o n  were compiled i n t o  the L;iCCi( DATA subprogram BSi?ATA.z? It 
i s  poss ib le  i n  genera l  t o  al lcw absorp t iv i ty  for planet  r ad ia t ion  t o  vary 
with p lanet  temperature. However, i n  absence of any da ta  on t h i s  temperature 
dependence, constant  values were compiled i n t o  t h e  program.!?/ The following 
t a b l e  g ives  these  values.  Coatings 7-16 a r e  undefined. 

Coating 
Number Solar  Planet  I d e n t i f i c a t i o n  

Apollo s/c 
Application 

1 0.16 0.40 SiO on Aluminized l y l a r  Command Nodule 

2 0.25 0.25 Aluminm-fi l led Polyes ter  S e m i c e  Module 

3 0.18 0.92 Zinc Oxide Potassium S i l i c a t e  ECS and EPS 
Radiators  

4 0.18 0.45 Schje ldahl  on Aluminum LE34 Ascent Panels 

5 0.18 0.18 Schje ldahl  LEM Descent Panels 

6 0.9 0.9 Black -..- 

Tlie s i x  ma te r i a l s ,  which vrere spec i f i ed  by the  KASA Project  Engineer, 
were considered t o  be rep resen ta t ive  of the  Apollo a s  of A p r i l  1366; 
therefore ,  they  a re  no t  necessa r i ly  a.gpl-ic&ble t o  more recen t  01- f i l l e l  
designs.  

The c ross  references  cornpiled a c r e  all zero; hence f,(t), f p ( t )  and G ( ~ )  
a r e  considered to be u n i t y .  





The main program (deck name OVERLG) c a l l s  t h r e e  subroutines EDITIP, 
PILOT and FLOTIif.F, wl?ich overlay one another ,  

Subroutine EDITIP reads t h e  input  da ta  and produces an ed i t ed  input  
f i l e  on l o g i c a l  t ape  4. Subroutine PILOT reads da ta  from tape  4, computes 
heat  loads, and w r i t e s  r e s u l t s  on t h e  output u n i t .  I f  SC-4020 p l o t s  a r e  re-  
quested f o r  any of  the  cases run, an intermediate b ina ry  tape ,  l o g i c a l  8, i s  
w r i t t e n  which conta ins  a l l  necessary information f o r  t h e  p l o t s .  Subroutine 
PLOTHT reads l o g i c a l  tape  8, e x t r a c t s  t h e  necessary da ta  and generates output 
on l o g i c a l  t ape  17 which the  SC-4020 needs t o  produce t h e  des i red  p l o t s .  

Brief desc r ip t ions  o f  a l l  nonl ibrary  subroutines,  functions,  and 
BLOCK DATA programs a r e  given below. These desc r ip t ions  a r e  followed by flow 
c h a r t s  of t h e  more complex rou t ines .  

Subroutines 

ANGLET f i n d s  t h e  angles which g ive  t h e  inner  and o u t e r  r i n g  of 
po in t s  used i n  computing an average shadow f a c t o r  with respect  t o  r a d i a t i o n  
from t h e  p lane t .  

ARRANG reads  da ta  fromarrays on t h e  in termedia te  p l o t  t a p e  ( l o g i -  
- \ - . 
-UL - 1  QUU C , L . L . & ~ ~  ~ ~ ~ C I I J  1 1 1  N.r ' I 'E IVS  r:-3~.7s~ln7;: n ~ 7  i.nP P;IMTPS r.n n~ n~nr.-cer: - 

BF2A9O computes sun-shade po in t s  f o r  o r b i t a l  cases where t h e  sun i s  
i n  t h e  o r b i t a l  plane. 

COPY s e t s  t h e  3 x 3 matrix determined by t h e  second argument equal  
t o  t h a t  determined by t h e  f irst .  

DDFERI i s  a double p rec i s ion  q u a r t i c  f a c t o r i z a t i o n  program from t h e  
SHARE l i b r a r y .  

DDVFTA is a double p rec i s ion  cubic f a c t o r i z a t i o n  program from t h e  
SHARE l i b r a r y .  

DIRECT completes const ruct ion  of t h e  coordinate t ransformation 
matr ices  necessary t o  f i n d  t h e  angles  r equ i red  f o r  conf igura t ion  f a c t o r  and 
shadow f a c t o r  c a l c u l a t i o n s .  Subroutine TRANS begins the  matr ix  cons t ruct ion .  

EDITIP reads  the  da ta  furnished by the  use r  and prod.uces a r e ~ r i s e d  
i n p u t  t a p s  which i s  r ead  by subroutine TINPUT, Areas and def in ing  angles for  
ApolLo nodes a r e  supplied and i f  one of tlze six hpol.l.o confi&vra";ons i s  b e i r , ~  
run f o r  vhich a p a r t i c u l a r  node i s  not exposed, t h i s  node i s  i'lagced t o  



suppress ca lcu la t ion  of heats .  For cases involving a l a rge  number of nodes, 
t h e  case is  subdLvided s ince  machine s torage  i s  i n s u f f i c i e n t  t o  s t o r e  shadow 
t z b l e s  f o r  a l l  nodes a t  once. 

F I N D  l o c a t e s  t h e  sun-shade po in t s ,  jdin and $bout, f o r  o r b i t a l  mis- 
s ions .  I f  t h e  sun i s  i n  t h e  o r b i t a l  plane, BETA90 i s  ca l l ed .  Othervise qYA.RT 
i s  c a l l e d  t o  determine t h e  Xp coordinates and 1NE t o  f ind  t h e  Y coordinates.  

P 
Each point  is  checked t o  insure  t h a t  it s a t i s f i e s  t h e  o r b i t  and shadotr equa- 
t i o n s  and t o  insure  t h a t  it i s  not on t h e  sunward s i d e  of t h e  p lanet .  

GEOFAC in te rpo la tes  i n  t a b l e s  of configurat ion f a c t o r s  t o  f ind  a 
value corresponding t o  given c , fit , Qs and a l t i t u d e .  For values of 
these  parameters outs ide  t h e  range of t abu la ted  e n t r i e s ,  t h e  program extrapo- 
l a t e s  . 

HEAT f inds  heat  loads on each el-ernent under considera t ion f o r  a 
given veh ic le  p o s i t i o n  and o r i e n t a t i o n .  Subroutine HOW i s  c a l l e d  t o  p r i n t  
heat loads and i f  hea t  loads of any of t h e  elements a r e  t o  be p lo t t ed ,  these  
are s tored on intermediate t ape  ( l o g i c a l  8 )  by  subroutice PLO'L'T. 

HOW p r i n t s  heat  loads out  i n  t a b u l a r  form. 

- J J . A n--- +"l 
1 1 \ ' 1 ' 1 '  AC l , l 13ST9  TPP : I l l ~ C I . I . ~ T J L S  U* 3 -  . y-, ; ,-, auu p n,,+ .-+. -- --.- . 

missions so t h a t  $in<$<$aut whenever t g e  veh ic le  i s  i n  t h e  shade. It 
a l s o  determines whether t h e  vehic le  i s  i n i t i a l l y  i n  t h e  shade. 

IhTERP f inds  values of b , ( ~ )  f o r  spec i f i ed  temperature by l i n e a r  
i n t e r p o l a t i o n  i n  t a b i e s  s tored i n t e r n a l l y .  The value found by t h i s  rou t ine  
i s  mult ipl ied by FT1M.E t o  f ind  crp . 

JDGER finds the  nunxber of days and f r a c t i o n s  of a day s ince  Janl~.ary 1, 
1900, a t  midnight f o r  o r b i t a l  missions where calendar da te  and time a r e  read i n .  
T h i s  r e s u l t  i s  used t o  determine XA and DEC. 

LOCUS c a l c u l a t e s  time and a l t i t u d e  from a given value of t r u e  anomaly, 
$ , f o r  o r b i t a l  missions. It a l s o  determines p lane t  tempera-Lure i f  t h e  var iable  

p l a n e t  ten~pera ture  option i s  being run. 

LOOP con t ro l s  tlie vehic le  ~ ,o t i .on  on o r b i t a l  nxiss,l.ons. It causes the  
vehicle t o  advance with s t eps  of A @  i n  a coun te rc loc l i~~~ise  r ~ o t i o n  from s t a r t i n g  
posit,ion go . When sun-shade po in t s  are  passed, the  s t ep  i s  broken to pick U:, 
these  s p e c i a l  p o i n t s ,  SuSrcju.tine IiS4.T i s  c a l l e d  f o r  each pos i t ion  of t he  
vehicle and print;& and./or plo-i;te& out_nu.t results for each vekic le  el.ement. 



LOOL3TJ controls  t h e  vehicle rriotion on t r a  jec tory tape mi. ssions.  It 
f i r s t  locates  t he  desi red t r a j ec to ry  on t he  t r a j ec to ry  tape and then reads a  
tape recoyd f o r  each po in t .  It can in te r rup t  the  t r a j ec to ry  i f  control  in -  
formation so  ind ica tes  and re tu rn  t o  t he  input  rou.tine t o  determine new param- 
e t e r  values required f o r  the  t r a j ec to ry  continuation. LCOPTJ f inds  sorne corn- 
ponents of t he  coordinate transformation r~iatr ices needed f o r  determining angles 
used i n  configuration f ac to r  an& shadow f ac to r  calcula t ions .  For each point  of 
the  mission, subroutine HEAT i s  ca l l ed  and pr in ted  and/or p lo t t ed  r e s u l t s  a r e  
generated f o r  each vehicle element. 

MIDENT s to r e s  a  3 x 3 i d e n t i t y  matrix i n  the  a r ray  given by 5 t s  
argument. 

YOON f i nds  parameters analogous t o  r i g h t  ascension and decl inat ion,  
which determine sun posi t ion,  a s  a  function of date fo r  lunar o r b i t s .  

OVERLG i s  t he  main program which serves only t o  con t ro l  program 
over lay.  

PILOT controls  the  main computation. It converts configuration fac-  
t o r  t ab l e s  t o  f l oa t i ng  po in t  form and controls the  p r inc ipa l  subroutines 
TINFUT and LOOP o r  LCOPTJ. 

--- or ~ n m m  ~ f i  nilc n l r ~ m n i - a r c  ~ n n 1  nrzn~~r, t.n rS ~ h t  ascension and dec l ina t ion ,  - 
which deterr'ine sun posi t ion,  as  a  runctxon or aa te  l u r  V L - L J L ~ , ~  a ~ v u u u  IS~CLLULJ ) 

Venus and Mars. 

PLOTHT reads the  intermediate p l o t  tape ( l og i ca l  8 ) ,  ex t r ac t s  con t ro l  
information and i den t i f i c a t i on ,  then c a l l s  ARRlinTG t o  s e t  up t ab l e s  of values 
t o  be p lo t t ed  and POINTS or  PUPKTE t o  generate t he  SC-4020 p l o t  tape ( l o g i c a l  
17). 

PLOUT wr i tes  a  buffer  load of po in t s  t o  be p lo t ted  on tape 8, t he  
internlediate p l o t  tape.  

POINTS o r  PUNK& controls  p lo t t i ng  of points  put i n t o  arrays  by 
subroutine AR-RANG. 

QUART s to r e s  coef f ic ien t s  of the  quar t i c  equation f o r  the  x-component 
of the  sun-shade point  and c a l l s  DDFERI. 

RADEC f inds  r igh - t  ascension and. decl inat ion fro111 the  date f o r  e a r t h  
o r b i t s .  

- 
a.-/ T h i s  r~utinc was o r i g l ~ t i l l y  nnmed PGZN'IS, but d ~ 1 r j . n ~  adeption of the pro- 

gram fo r  the  DCS,  confl.ict ~ i i t i ?  oric of ilte l i b r a r y  sukroutiees vas en- 
countered. 



SBTRAJ f inds  t h e  s ine  and cosine of  and f3 o r  and p* 
from t r a j e c t o r y  tape  data .  

SETAXG f i n d s  t h e  weight f a c t o r s  and indices  t o  be used f o r  ca lcula-  
t i n g  p lane t  shadov! f a c t o r s ,  

SIGBET f inds  sun-shade po in t s  for  o r b i t a l  missions. Unless and 

$ a r e  read i n ,  they a r e  f i r s t  ca lcu la ted  from o ther  data  def in ing sun-position. 

TINPUT reads inpu t  f o r  each case, converts  u n i t s  where necessary, 
c a l c u l a t e s  a  few parameters which do not change during t h e  case, and wri-tes 
ou t  information def in ing t h e  case.  This rou t ine  a l s o  contro1.s sun-shade p o i n t  
ca lcu la t ions  f o r  o r b i t a l  n~ i s s ions  and p a r t  or" t h e  coordinate transformations.  

TJFIND reads i n  t h e  i d e n t i f i c a t i o n  record  from t h e  t r a j e c t o r y  tape .  
A s t u b  i s  provided i n  t h i s  rou t ine  t o  f a c i l i t a t e  conversion t o  allow more than 
one t r a j e c t o r y  t o  be s to red  on t h e  t r a j e c t o r y  tape .  

TPOINT reads the  t r a j e c t o r y  tape and r e t u r n s  wi th  values f o r  time, 
vehic le  pos i t ion ,  sun p o s i t i o n  and a  code ind ica t ing  whether t h e  vehic le  i s  
i n  t h e  p lane t  umbra. 

TRANS generates matrices descr ib ing vehic le  r o l l ,  p i t c h  and yal?, 
and t h e  p a r t s  of t h e  r o t a t i o n  matrix which a r e  independent of time. For 
nrhi 1 - 9 3  m i  s c i  nnc. i J- 11 c,n n ~ n ~ r a t - o c ,  nart. n f  +,he .I-.ransrormation l n a t r i ~  f o r  - - 

converclng planet-orlentea t o  sun-or~en-cea cuorulrla ~ e s .  

TRNSPS transposes a  3 x 3 matrix. 1 
1 

fmJFiNCl? r o t a t e s  a  3 x 3 matrix around one of t h e  coordinate axes. 
The f i r s t  argument 2s t h e  name of t h e  matrix t o  be ro ta ted .  The second argu- 

-I- ment i s  t h e  cosine of t h e  angle of r o t a t i o n .  The t h i r d  argument i s  - s ine  of 
t h e  angle of r o t a t i o n ,  depending on t h e  sense of t h e  r o t a t i o n .  The l a s t  argu- 
ment denotes t h e  a x i s  of r o t a t i o n ,  where x , y and z axes a r e  designated 
1, 2 and 3, respec t ive ly .  

WYE f i n d s  y-coordinates of o r b i t a l  sun-shade po in t s  f o r  which t h e  
x-coordinate has been found by fac to r ing  a  q u a r t i c  equation. 

Functions - 

ARCOS f inds  t h e  arcosine i n  degrees of the  argunient. AXCOS i s  a l -  
ways from zero t o  100 inc lus ive .  

FRl: f inds  a r a t i o  r which i s  needed i n  dc-i;ern.iiizi~?g an angl:: (i' 

R 
bet-c~een tlie c e n t e r l i n e  OF a sou:rce vector col:e and e i i h e r  the inner. or outer 



a/ Because of ambiguity i n  object  deck sequencing when a l l  these programs be- 
gin with t he  same four symbols, it would be advisable t o  use the  a l t e r -  
nate names i f  t he  programs a r e  ever recompiled. 

r ing  of points used i n  computing average planet shadow factors .  The angle a 
i s  giv n by a = arctan ( t an  a,). (see Appendix B of t he  Task 2 re- 
port.) d R 

FYTEMP f inds  t h e  factor  of as o r  cup expressing dependence on 
time. Nominal value f o r  WIME i s  1. 

.MANDN gives t h e  log ica l  AIVD of i t s  two arguments, i .e . ,  the  function 
gives a one b i t  i n  each posi t ion where both arguments have a one b i t  and a 
zero b i t  elsewhere. 

MERGE gives t h e  log ica l  OR of i t s  two arguments, i . e . ,  t he  func- 
t i o n  gives a zero b i t  i n  each posit ion where both arguments have a zero b i t  
and a one b i t  elsewhere. 

array.  
NCOAT ex t rac t s  t h e  coating code from the  packed words i n  t h e  LPACK 

SHADOW finds shadow factors  with respect t o  so l a r  radiat ion if  the  
first argument i s  posi t ive .  It if is zero, the  program chooses an algorithm 
and determines some constants t h a t  w i l l  be used i n  finding shadow factors .  

SHPLAN finds e f fec t ive  shadow factors  with respect t o  planet radia- 
t i x  ~ E Z  EEC~~C - 

UNSHAD re turns  t he  desired shadow fac tor  from a word which has nine 
shadow factors  packed together.  

BLOCIC DATA Programs 

DATABl and DATA82 (a l t e rna t e  names: BlDATA and B ~ D A T A ) ~ ~  define 
the t ab l e  of configuration factors  a s  functions of a l t i t ude ,  e , es and 

pr,. 
DATABE and DATABF ( a l t e rna t e  names: BEDATA and B F D A T A ) ~  define 

areas and Qb and Ab fo r  t he  950 Apollo surface elements referenced by 
the  program. 



DATABJ ( a l t e r n a t e  name : B J M T A ) ~  def ines  miscellaneous da La r:liicir 
appear i n  colnmon s torage .  Among da ta  included a r e  s e v e r a l  use fu l  c ~ n s t a n t s ,  
masking words used i n  paclring and unpacking ~rords, and alphameric a r rays  used 
i n  headings. The s o l a r  cons tant  and t a b l e s  of material p roper t i e s  a r e  a l s o  
defined,  as we l l  a s  da ta  desc r ib ing  t h e  moon and a l l  p l ane t s  except; Pluto.  

a /  Because of ambiguity in objec t  dcclr s e q u e n c i n ~  ~ ~ l i e n  a l l  t h e s e  prograrns - 
begin w i i h  t h e  same four s:/;~lbols, L t  -iro~lld bc advisable t o  use the  ax- 
terilnl,e 11:ilnos if the programs a r e  ever recompiied, 



Subroutine EDITlP 



NJ .- I!J + 1 
Rcrri~id 1 3  

KE = KE + 1 

a:,:; t'ci. Card Inwges frorr~ 
39c 10 i l l t o  Core t i l l  Xewind 10 
n  W o r  Blnnl; i s  Read 

, i .  , 

Follow Las t  Comment on 
Es t rac t  the Vehicle  Tape 4 by Blank o r  

C o n f i ~ ? i r a t i  on Code Two 08 Cards 

Ilodec. no t  Delon(:i nl; Copy Conui~cnts fronl 
t o  Conf igu ra t ion  Tape 15 on to  Tape 4 

Subroutine EDLY'lP (~onc luded ) 



I n i t i a l i z e  and 
Rewind Tape 8 

Cal l  TINPUT 

Write Last Record, End Cal l  LOOP 
F i l e  and Rewind Tape 8 

Cal l  LOOPTJ 

Subroutine TILOT 



Clesr Tablca o f  Ilcdem I n i t l a l l l c  and Peed 
Fe2uir:n~. $:ad% Loaie Flrat Card :rage 

Branch ro  Store 

R-ad An?:her 
Card Irage 

I f  Planet Code 1s 
Valid Retrieve Planet 

Date frar Tablcli 

A d ~ u s t  Soler  Conetent 
l o  Ead of iieadcr Art's)- fo r  Planef-Sun Distar.ce 

b e d  St.adou Factor 
Tables far N N e a  
Re+irini The? 

1::itc L i s t  01 llcde Yrltc Data Dcacribing 
Case &in& Fan 

Wrlte Attitude. 
Rotation end Con- 

figuration Data 

Write Dete Descrlb1i6 
Orblt and Sin Position 

CC.! 9 i 5 P  

Subroutine TII'FUT 



Subroutine TIPPUT (cone luded) 



Tizd l h t r i x  For Apply Rota t ion  

y-",LC 

rier.te I Milltiply by Other I 

Use Xj,? Mntrix Use 242 Hatr ix  
end 7A2 x s'l 

Find Upb end Usb Vectors 

S e t  Up O-ter P a r t s  of 

Firid Iost Part of 

I4,ilt iply b:; il-1 F ! t r i x  

a. Subroutine DTHZCT' 
b . S~~t)rou.ti~le Tl3J.Y:; 



Set  Sun-Shodc Swi 

Find cos ct , cos y 
i n  Term of b , 

x = O , S U N = 2 .  

Se t  t o  a I4ultiple 

Find Coefficients  
Needed f o r  General 

Quar t ic  Solut ion 

C a l l  IWIT 

Find Sun-Shade Points  

Subroutine SIGT!%T 



f i e s e t  Vnlucs t o  
be Used on 

EIViOR Return 

Ca1.l BETA 90 

Generate Quartic 
Coefficients  

and Solve 

Find KK t h e  Number 
of Real Roots 

Arrange Roots s o  t h a t  
Sepeated P a i r  i s  Either  

1-2 o r  3-4 

I I 

Find Y Value C O r r C -  
s t o r e  X, f y  a s  a  sponding t o  t h e  J t h  

Sun-Shade Point  

J = J + 1  

Subroutine FIPT!l 



Find 

( 1 

Calculate Two y 
Values end Save the 0r.e 

Repeat Wo Blocks 
Above L'sine Plus 



ReGet Line Coirnt m d  1 .,CUR 

S e t  ISUli = 1 
d Fiml !+mber of 

Points  i n  Orbi t  

Subroutine LOOP 



Iocrerent  L i n e  Count 
by 5 i n  Cnoc Thin 

Renet Idne Count and S e t  ~ ~ ~ c t ( r r y  con- 
JCUR = 1 t i r iueO7 

f Dmp Reader Frme Set p = 100' 1 

Find Code of 
Plonet (6)  Referenced 

Recd i r a J c c t o r i  
I d e c t i f i c n t i o n  

on Tra jec tory  Tape 

Decrement JCUR and Cal l  HEAT and 
Increment L 

Cal l  DIRECT 

Detenzine Planet S tore  Dots Rend Don Generate t h e  a-Matrix Pcst.-l+tiply ZA2 by 

of Reference Tra jec tory  Tape 
a-' Matrix 

Find s i n  C , cos C 

ajust Solar  Conetnnt 

Subroutine LOOPTJ 



Find Eccentric Anomaly 

p l a n e t ?  
v 

S e t  Temperature 
Propor t ional  

t o  cos  8, 

Value Head I n  

-- - - - T  . 

Add Rota t ion  t o  I 

Arbitrarily S e t  Poeado- 

Pocudo-Orbit Coordinater, 

Find , B Corre- 

GpOndinE to Vector 
i n  A r ~ w ~ e n t  L i s t  

S e l e c t  t h e  Algorithm 
t o  be Used I n  FindinG 
Shndov F h i t c r ~  when 

S e t  Wcieht Caeff i -  
c i e n t s  end KK1 t o  

I n d i c a t e  Proper 
Algorith- 

Urnnch t o  Appropriate 
i l l ~ o r i t k ~  and I l n d  

Shedow Factor  -1-1- 
a. Subroutine LOCUS 
b . Subrouiine SBTR,?J 
c .  Subrou.tine Sl'j!COiI 



Subroutine %TAT 



Write F i r s t  Four 
Corents  arid E1errcr.t 

Write b b c l  on X-Axin.  
Set Up l a b e l  for Y-Ax1 

I 

Set Ynex = Max of T s t e l  
Absarbcd Heat 

(mm(J)) 

S e t  Xnnx =  ire o 

Drav Grid snd Curves 
for Four Heata 

t 
I S tors  n 7 ~ l r  Polo + ier I 

Lobelin:: the  Curies 

Label Curves with 
Letters S ,  A, P and T 

Write Lobel on Y-Ads iL 

S e t  Up PemBne:it 
Part of bray f o r  

Y-Axis Label 

C a l l  ANUIIS t o  Set Up 
P l o t  Arrays for 

One Element 

i, Reposition Tope 8 
erd Read F i r s t  fiecard 

YES 

more . . - 

\J I 

thcrc nny 
C e l l  RJIm t a  b!c:<e ~- - 

P l o t  for O:?C I2erc r . t  
I 



I Set Point count to 1 I 

Subroutine Al?ZANG 



APPENDIX H 

FORPaT O F  TIE SIsADO161 FACTOR TAPE 



The shadow fac tor  tape contains shadow fac tors  for  the  s i x  &pollo 
configurations ( s e e  Fig.  C-10). For each configuration, shadcw fac tors  of 211 
exposed surface elements a re  given fo r  126 orienta t ions  of the  rad ia t ing  source. 
The tape format i s  binary and a l l  records a r e  190 words long. 

The f i r s t  record of each configuration has a spec ia l  format. Only 
t he  f i r s t ,  second and four th  words are  s i gn i f i c an t .  Word  OLE- i s  the  in teger  
15, which indicates  t h a t  the  record i d e n t i f i e s  the  configuration. I.JorC1 one i s  
the  negazive of the configuration number. Word t ~ r o  contains a rider of the  
form 40 k + 1, where k i s  the  l a ~ g e s t  in teger  such chat the  f i r s t  element 
defined fo r  the  c ~ n f i g ~ a t i o n  i n  ques t io l  l i e s  i n  the  range 40 k + 1 t o  40 K + 

I 40, e.g., f o r  configuration 1, where the L,FS.1 i s  not included, xori: ttro contains 
401, where the  lowest element number f ~ r  the  command and service modules i s  

I 406. 
I 

i 
I 
I The seconCl record of each configuration contains shadow fac tors  fo r  

I 10 eleaents beginning with the element given a s  word two of the  f i r s t  record. 
i Each tab le  contains 19 words an4 each word i s  p c k e d  t o  contaiiz nlne &-b i t  
1 numbers. The 19 words correspond t o  19 angles,  A sb , ranging from 0"  to 360" 
i i n  s teps  of 20". The word f o r  0"  i s  repeated fo r  360' i n  order t o  avoid any 

I Wap-around in te rpo la t ion .  The nine numbers packed i n  each work a re  shadow 
I f~ r f .n rn .  Fnr t.ho an.enc5nt.od A and c o r r e s ~ o n d i n ~  t o  as,, values having 
1 - - - - .  - -  - - I - -  7 -  

I COSlneS 01 -L.U, -U.{s, -u,a, -u.ra, v., U.C.J, U.J ,  v . ~ J ,  A . V ,  ZbuybLur.u-d - 
I The shadow f ac to r s  corresponding t o  Qsb with negative cosines a r e  s tored ix 

the most s i gn i f i c an t  p a r t  of the word. I .  
I 
e 

1 The next record of each configuration contains shadow f ac to r s  fo r  
the  next 10 elements, and so  fo r th  u n t i l  the  record contajning ds ta  fo r  e l e -  

I -  nests  941 t o  950 i s  read or u n t i l  a record i s  read having the in teger  15 i n  
word f ovx, ~ r h t c h  s i ~ n a l s  the next configuration. 

i 



APPENDIX I 



For t r a j ec to ry  tape n~iss ions ,  the  program must be able t o  accurately 
obta in  inforr~tation from t h e  t r a j ec to ry  tape.  %?o subroutines, TJTIND and 
TPOINT, were wr i t t en  t o  pos i t ion  and read t h e  required infortmation from log i ca l  
tape 11. The progrant raas debugged using these rout ines  and a durriq- t r a j ec to ry  
tape.  

However, s ince the  p r inc ipa l  appl icat ions  of the  t r a j ec to ry  option 
a r e  exyected t o  be linked with the  vehicle ephemeris program v r i t t e n  by SUSA's 
idission Analysis Group, the  "cwo o r ig ina l  subroutines were replaced by modified 
rout ines  using data  more contpatible with the  vehicle ephemeris program r e s u l t s .  
The new rout ines  enable t he  t r a j ec to ry  data t o  be wr i t t en  d i r e c t l y  from arrays  
used i n  the  vehicle ephemeris program, and they convert d is tances  from ea r th  
r a d i i ,  a s  coraputed by the  vehicle epherrieris program, 'to nau t ica l  miles, a s  
required by the  heat  f l u x  program. The nev subroutines vere checked out using 
data  generated by the  vehicle ephemeris program i.n use a t  NASA i n  March 1966. 

Since the  NASA vehicle ephemeris program i s  occasionally c~odif ied,  
t he  rout ines  fo r  reading t r a j ec to ry  data  a re  subject  t o  change. Hence, ins tead  
of a de ta i l ed  descr ipt ion of t he  spec i f ic  rout ines  delivered with t he  program, 
the  general  requirenients of these  tvo roukines, TJFIND and TPOINT, a r e  given 
below. This information w i l l  allow the  user  t o  r~rr i te  equivalent  rou t ines  f o r  
matching the  heat  f l u x  program t o  l a t e r  versions of t he  NASA vehicle ephemeris 
program o r  t o  any other program which [night be used t o  generate a vehicle 
traciectory.  The general  requirernents of TJFIIYD and WOINTS follow : 

1. TJFIND must have two argu~neats, t he  f i r s t ,  a s ing le  var iable  
and the  second a fourteen word array.  

2. The f i r s t  a rgment  should not be redefined during execution 

3. The second through t he  t h i r t e en th  t ~ o r d s  of the  fourteen word 
a r ray  should contain va l id  alphanleric characters  which can be used a s  t r a j e c -  
t o ry  i den t i f i c a t i on  on pr in ted  and p lo t ted  output. 

4. TPOIXT must have t ~ r o  arguments, the  f i r s t ,  a  four-been word array 
of r e a l ,  i. e . ,  f l oa t i ng  point  nur:~bers, the  second a s ingle  in teger ,  namely, 
t h e  configuration code. 

i 

1 5 .  The second argumnent should not be redefined during execution of 
TPOINT. 

L 

i 

f 6. Upon r e tu rn  from TFOITJT the fourteen trord a r ray  should contain 
Lhe following n u ~ ~ b c r s .  A l l  distances rwst be i n  nautical niiles. 



a.  Idord 1 should contain tiilnc since s t a r t  of niission i n  rninutes 
unless  t h i s  i s  t he  l a s t  point  of t he  t ra jec tory ,  i n  which case it should con- 
t a i n  tirne with t h e  sign reversed. 

b. Words 2 t o  4 should contain -the X, Y,  and Z coordinates 
of t he  vehicle i n  the  ea r th  equa tor ia l  system with o r ig in  a t  the  center of 
t he  " f i r s t "  p lanet .  

c. lJords 5 t o  7 should contain the  X, Y ,  and Z coordinates 
of the  - sun i n  t h e  ea r th  equa tor ia l  systern with or igin  a t  the  center of the  
" f i r s t "  p lanet .  

d. \lords 8 t o  10 should contain t h e  X, Y ,  and Z coordinates 
of the  vehicle i n  the  e a r t h  equa tor ia l  system with the  o r ig in  a t  the  center 
of the  "second" planet .  

e. \lords 1 1 t o  13  should contain the  X, Y,  and Z coordinates 
of the  - sun i n  t h e  ea r th  equa tor ia l  system with o r ig in  a t  t he  center of the  
"second" planet .  

f. Word 14 should contain f l oa t i ng  point  one (1. ) i f  the  
vehicle i s  i n  t he  urnbra of e i t h e r  p lane t ,  Otherwise it should contain zero. 

The " f i r s t "  and "second" plane-t;s correspond t o  the  codes punched i n  - - * .  . - 7 .  * . - -  -.- 3 ---.., -,.-<4 <A,.,,-% .=%+ 

~ o l ~ l l l r l b  Y aflu 16, L ~ ~ ~ J G L C I I  vcLJj / )  v - ~  Guru .  r r4Arv-r  -.-- A - - -  

each point  a r e  ac tua l ly  needed only wi th  respect  t o  t he  p lane t  of reference 
(corresponding t o  colurm 5 of the  03 cards) .  No harm w i l l  be done i f  zeros 
o r  other inappl icable  data  replace the  data with respect  t o  t h e  "other" planet .  



REFERENCE GUIDE FOR IIWUT DATA PREPARATIOI'J 



A l i s t  i s  given on the  fol lowing pages surlutiarizing t h e  var ious  da ta  
t h a t  might be punched as  progrnnl inpu t  da ta .  For each type of card  a descr ip-  
t i o n  i s  given of a11 appl icable  f i e l d s .  Page numbers referencing a d d i t i o n a l  
information i n  t h i s  l~lanual a r e  a l s o  given.  If the  en t ry  under "Appl icabi l i ty"  
i s  blank, t h e  f i e l d  i n  quest ion may p e r t a i n  t o  a11 kinds of  cases .  I f  the re  
i s  an e n t r y  under "Applicabil i tyT' ,  lzov?ever, the f i e l d  i s  p e r t i n e n t  only f o r  
t h e  type of case designated.  For a l l  o ther  types of  cases  t h e  f i e l d  i s  not  
appl icable ,  i . e . ,  i t  can be l e f t  blank. Note t h a t  t h e  e n t i r e  05 card  i s  not 
app l i cab le  t o  t r a j e c t o r y  tape  missions and can be omitted i n  such cases .  
Likewise t h e  08 ca rd  i s  not  app l i cab le  t o  o r b i t a l  nussions. 

The fornlats l i s t e d  a r e  those  used by the  program; however, f o r  a l l  
f i e l d s  spec i f i ed  a s  E8.1 i t  i s  advisable  t o  punch t h e  ~luniber wi th  a decimal 
po in t  but  wi th  no exponent un less  the  magnitude of  t h e  number i s  so  l a r g e  o r  
so small a s  t o  r equ i re  exponents. For example, one (1) i n  t h i s  format could 
be punched a s  "0.1E 01" , but  fewer e r r o r s  would be made i f  it tlere sin~pl-y 
punched a s  "1.0" 8nyrlhere i n  the  eight-column f i e l d .  ( s e e  saruple cards i n  
Fig .  1. ) Numbers i n  I format tnust be r i g h t  j u s t i f i e d  i n  t h e i r  appropr ia te  
f i e l d s .  



CASE NJl.113ZR AND CONTROL IfiTFOR$~TION (01 CARD) - 

Colunuls - Format Applicabil.ity Descript ion 
w 

1 - 2  I 2  Card code (=01).  

3 - 5 I 3  Case number. 

Number of elements t o  be analyzed 
( 1  2 n 5 1000). 

13 - 20 E0.1 O r b i t a l  (do , the  i n i t i a l  value f o r  t r u e  
anomaly. 

2 1  - 28 E8.1 O r b i t a l  

Ref. 
Page - 

, the  increment of t r u e  anomaly 
a t  vhich heat  f luxes  a r e  ca lcu la ted .  

F i r s t  tinie (min. ) i n  which program 
parameters a r e  t o  be ins tan ta -  
neously changed. 

Configuration number (1-6) i f  Apollo 
chf2, ;nr. l  Yar+r,rc sfnrnr l  qr, ?;;,a a r i  - 
required  f o r  this case. (Shadow 
tape  must be mounted when a v a l i d  
conf igura t ion number i s  used. ) 
Blank o r  0 i s  used when no shadow 
f a c t o r s  a r e  used, 

For 0 o r  blank, only absorbed hea t s  
a r e  p r i n t e d  out .  

For 1, inc iden t  and absorbed heats  
are p r i n t e d  out .  

For 0 o r  blank, f luxes  i n  ~ ~ ~ / h r - f t ~  
a r e  p r i n t e d  out .  

For 1, products  of f luxes and elerrlent 
a reas  i n  B T U / ~ ~  are p r in ted  out .  



ORIETJTATSON AND RO'TATION (02 CARD ) ---- 

Colur!ms Format Applicab5.15-ty - Descript ion 
Ref. 
Page 
7 

1 - 2  12 Card code ( ~ 0 2 ) .  

3 - 5  I3 Rotat ing %(" ) , one of angles descr ib ing 5 3 
a x i s  of vehic le  r o t a t i o n .  

6 - 8  I3 Rota t ing f&(" ) , one of angles descr ib ing 53 
a x i s  of vehic le  r o t a t i o n .  

9 - 1 2  1 4  For 1, vehic le  i s  p lane t  or iented .  

For 0, vehic le  spins  rap id ly  about 
random axes . 

For -1, vehic le  i s  sun-oriented. 

For -2, vehic le  i s  s t a r -o r ien ted .  

p ( 0 )  , vehic le  r o l l  angle. 52 

I$(') , vehic le  p i t c h  angle. 52 

2 9 - 3 6  E8.1 q ( " )  , vehic le  yaw angle. 52 

wr(rph) , r a t e  of vehicle r o t a t i o n .  
Blanlr o r  0.  i s  used when vehic le  
i s  no t  r o t a t i n g .  

45 - 52 EB.l S ta r -o r ien ted  X-conlponent of a vector point ing 
t o  o r i e n t a t i o n  s t a r .  

53 - 60 E8.1 Star -or iented  Y-cornponent of a  vector  point ing 
t o  o r i e n t a t i o n  s t a r .  

61 - 68 E 6 . 1  S-tar-oriented 2-component of a  vector  point ing 
t o  o r i e n t a t i o n  s t a r .  



PLPiNET ( 0 3  CARD) - 

Colu.nc;ls Fovrnat Applicabil.ity Descript ion 

1 - 2  12 Card code ( ~ 0 3 )  

Ref. 
Page 

For 1 t o  9, nwnber i s  taken a s  60 
plane t  code. 

For 0 or blank, p lane t  da ta  a r e  
re8.d from colurru~s 13 - 52. 

13 - 20 E8.1 Unknown p lane t  Distance from p l a n e t  t o  sun i n  
n a u t i c a l  miles.  

21 - 28 E8.1 Unkiior~n p lane t  Planet  radius  i n  n a u t i c a l  riules. 

29 - 36 E8.1 Unknown p lane t  Planet  albedo. 

3 7  - 44 E8.1 Unknown p lane t  G% (ft3/sec2), g r a v i t a t i o n a l  
constant  times p l a n e t  mass. 



MISSIOiQ (04 CARD) ---- 

Columns Fornlat A p p l i c a b i l i t y  -- Descripti.on 

1 - 2  12 Card code (=04). 

6 - 8  I3 Orb i t a l  

9 11. Tra j .  tape 

10 I1 Tra j .  tape  

13 - 20 E8.1 Orb i t a l  

-.) rsr. nn 'I r. 7 - t  7 

L I  - 1.u U U .  L VL "A V U I  

For 0 or  blank, t r a j e c to ry  tape 
mission i s  t o  be run. 

For 1, o r b i t a l  missioll i s  t o  be run. 

Ref. 
P a w  - 

Number of degrees of t r ue  anornaly 49 
f o r  1111ich program computes. 

Planet  code of f i r s t  t r a j e c t o r y  
tape p lane t  of reference .++ 

Planet  code of second t r a j e c to ry  
tape p lane t  of reference.* 

Apogee i n  nau t i c a l  r i l e s .  

- Unless new rou t i ne s  a r e  wr i t t en  t o  ntanipulate t he  t r a j e c to ry  tape  (see 
Appendix I )  the  p lane t  codes a r e  1 and 2, respect ively .  



SUN POSI%'TON (05 CARD) - 

Coluou1s Format A p p l i c a b i l i t y  Descript ion 

1 - 2  12  O r b i t a l  Card code ( ~ 0 5 ) .  

3 - 5 I 3  O r b i t a l  A code t o  speci fy  sun p o s i t i o n  inpu t  
option.  Value must be 1, 2,  3 o r  
5. The code i n s t r u c t s  t h e  program 
llow t o  i n t e r p r e t  da ta  i n  13 - 76. 

6 - 8  I3 O r b i t a l  

- 13 - 20 E8.1 O r b i t a l  

2 1  - 26 E8.1 O r b i t a l  

29  - 36 E8.1 O r b i t a l  

4 5 - 5 2  E8.1 O r b i t a l  

Ref. 
Page 

For 1, sun-shade p o i n t s  (din and 

@out a r e  r ead  from colunms 61  - 
76. Oth~erwise tney a r e  conlputed. 

Angle i ( O  ) i f  colurnul 5 conta ins  5 1  
1 o r  5.  

Angle ( )  i f  colunm 5 conta ins  
2 .  

Angle a(") i f  colunul 5 conta ins  
3. 

Angle w ( "  ) i f  column 5 conta ins  
1 o r  5. 

Angle @(" ) if column 5 conta ins  
2  o r  3. 

Angle R ( O )  i f  column 5 conta ins  
1 o r  5.  

Angle y ( O  ) i f  column 5 conta ins  
3. Otherwise blank.. 

Angle R A ( "  ) i f  column 5 conta ins  
5 .  

Year i f  column 5 conta ins  1. 
Otherwise blanlr. 

Angle DEC(" ) i f  colurnm 5 contains 
5 .  

IlonL!~ if co1un:n 5 conta ins  1* 
O-ti~ert?i.se blanlr. 



CARD) (concluded) ---- 

C o l u ~ n s  Format Applica biLi t y  Descript ion 

53 - 60 E8.1 O r b i t a l  Day of month i f  colurnn 5 conta ins  
1. Otherwise blank. 

6 i  - 68 E 8 . 1  O r b i t a l  HOLX of  day. ( 0  t o  23 .) i f  column 
5 conta ins  5. 

gin(") i f  colurnn 8 conta ins  1. 
Otherwise blanlc. 

69 - 76 E8.1 O r b i t a l  Minute of hour ( 0 .  t o  60. ) if 
colurrm 5 conta ins  5. 

fiout(0) i f  column 8 conta ins  1. 
Otherwise blank. 

Ref. 
Page 
P 



REDEFJBITION (06 CARD ) 

Colur~ns Forrcat Appl icabi l i ty  - DescriptLon -- 
( ~ u b c a s e  with 3, 4, 5 or  6  i n  column 12)  

1 - 2  12 Card code (=06 ) .  

3 - 5  23 Index of f i r s t  t ab l e  entry  on card. 

6 - 8  I3 Index of l a s t  t ab le  en t ry  on card. 

Code describing type of t a b l e  being 
defined. 

Code 3 ind ica tes  f s  versus t . 
Code 4 ind ica tes  f p  versus t . 
Code 5 indicates  g versus 6 . 
Code 6 ind ica tes  b, versus T . 
Table e n t r i e s  t o  be s tored a s  index 

ranges frorn f i r s t  t o  l a s t  value. 

Number of t ab l e  being defined 
(from 1 t o  16). 

( ~ u b c a s e  with 7, 8 o r  9 i n  colunm 12)  

Card code (=06). 

Material  code (from 1 t o  16).  

Corresponding tab le  nurnbers 
(front 1 t o  16)  

Code describing type of t a b l e  
assignment. 

Code 7 ind ica tes  assignment of 
versus t tab le .  

f~ 

Code 8 ind-icates assignment of f s  
versus t tab le .  

Cock 9 j-ndicates assignment of g 
versus 6 t a l i l e .  

Ref. 
Page - 



REDEFINITIOJ\i (06 CARD ) (~onclucl.ed) 

Ref. 
Colun~ns Forinat A p p l i c a b i l i t y  Descript ion - 

1 - 2  12 Card code ( = 0 6 ) ,  

Subcode ( = l o )  i n d i c a t i n g  so la r  
cons tant  i s  redefined.  

1 3 - 2 0  E8.1 New value of s o l a r  cons tant .  

(subcase with 11 i n  c o l u m s  11 - 12) 

Card code (=06). 

Code of f i r s t  ma te r i a l  referenced on 
t h i s  card.  

Code of l a s t  ma te r i a l  referenced on 
t h i s  card.  

Subcode (=11) i n d i c a t i n g  t h a t  this 
card  rede f ines  va lues  of oc~, f o r  
one o r  more mate r i a l s .  

Values of or, f o r  ma te r i a l s  w i t h  
codes ranging from f i r s t  t o  l a s t  
a s  shown i n  columns 3 - 5 and 
6 - 8. 



LOW ALTITUDE PLANET TEIPE~V~TURE ( 0 7  CARD) - 

Colu~.ms Format Appl icabi l i ty  - Description 

Card code (=07). 

Al t i tude (n.  rn. ) below vhich p lane t  
temperatures cornputed by the  pro- 
gram a re  superseded by temperature 
i n  columns 2 1  - 28 of t h i s  card.  

For blank or  0. the  program alxqays 
uses corrtputed ten~peratures . T h i s  
a l t i t n d e  i s  understood t o  be zero 
unless an 07  card i s  read t o  r e -  
define it. 

Planet  temperature ( O R )  used by t he  
program when the  a l t i t u d e  i s  below 
the  value i n  columns 13  - 20 of 
this card. 

TRAaCWHY CONTINUATION ( 08 CARD ) 

Columns Fornlat Appl icabi l i ty  Description 

1 - 2  12 Tra j . tape Card code ( ~ 0 8 ) .  

1 3 - 2 0  E8.1 Traj .  tape Cutoff time (min. ) f o r  next segment 
of t ra jec tory .  Vhen a  tirrte ex- 
ceeding t h i s  value i s  read from 
the  t r a j ec to ry  tape, t he  case w i l l  
be in te r rug ted  t o  read parameters 
being instantaneously changed. 

Ref'. 1 
Page 
P 

I 
I 
I 

Ref. 
Page - 



ELE14EI\iT ( 09 CARD ) 

Colunms Forn>.at Appl icabi l i ty  --- - Description 

1 - 2  1 2  Card code ( ~ 0 9 ) .  

Sequence nurnber of element f o r  t h i s  
problem. The nunlber niust be no 
g rea te r  than t he  number of e l e -  
ments t o  be analyzed. Elen~ents 
%o be Lumped together require  
adjacent  sequence numbers. 

If any of the  i n t e rna l l y  s to red  e l e -  
ment data  a r e  needed, the  node num- 
ber f o r  the  element must be punched. 
If t h i s  f i e l d  does no t  contain a 
va l i d  node number, area,  An and 

% a r e  read from t h i s  card, and 
shadow f a c t o r s  cannot be referenced. 

Th i s  f i e l d  contains a nonzero numer- 
i c a l  l a b e l  which will i d e n t i f y  t h e  
element i n  the  output l i -s t ing.  I S  
7 . ~ 3 ~  7 1 ~ 1 ~ 1  i r :  n t a r ~ ~  n r  7r.e zrn- 

gram uses node number i n  columns 
6 - 8 a s  l abe l .  

Ref. 
Page - 

Angle An( ' ) f o r  t he  elenlent i n  49 
case values froni i n t e r n a l  t ab l e s  
a r e  not  used. 

Angle ( )  f o r  the  element i n  49 
case values from i n t e r n a l  t ab l e s  
a r e  not used. 

Element area  (f t .2) i n  case values 
from i n t e r n a l  t ab l e s  a r e  not used. 



ELEKENT (09 CARD ) (concluded) 

Colu~~ms Forniat Appl icabi l i ty  DescrLption 

For a l l  elernents which a re  t o  be 
lumped with  succeeding elenlents, 
i. e .  , with eleraents having succeed- 
ing sequence nun~bers, t h i s  f i e l d  
must contain the  same l a b e l  punched 
i n  colunms 9 - 12 unless they a re  
blank, i n  which case it must contain 
t he  node nu.ritber fror~t colunms 6 - 8. 
Note t h a t  t h e  forniat here requ i res  a 
decimal po in t .  

Ref. 
Page 
7 

For 1 .0  t h e  value of An i n  13  - 20 
supersedes the value s tored i n  i n -  
t e r n a l  t ab l e s .  For blank or  0. t he  
value from the  i n t e r n a l  t ab l e  i s  
used i f  a va l i d  node number i s  
given. 

For 1 .0  t he  value of Rn i n  2 1  - 28 
supersedes the  value s tored i n  i n -  
t e r n a l  t ab les .  For blank o r  0. t h e  - - ' .  . < - ,  .., - 
.UIUC I.& VL,. L I I 1 k  .L&L"\r,. III1-l- V U U I C I  I U  

used i f  a va l i d  node number i s  
given. 

For 1 .0  the  value of area i n  29 - 36 
supersedes t he  value s tored i n t e r -  
na l ly .  For blank or  0. the  value 
from i n t e r n a l  t ab les  i s  used i f  a 
v a l i d  node number i s  given. 

Costing mater ia l  nunher. 

For 1, shad011 fac tors  f o r  t h i s  node 
a re  loaded from the  shadow tape and 
shadot? log ic  i s  used t o  f ind  heat  
f luxes .  For blank or  0, shadow 
logic  i s  suppressed and f ac to r s  a r e  
not  loaded. 

For I, heats w i l l  be p lo t ted  f o r  t h i s  
elernelit. For blank o r  0, p l o t s  .t!ill 
be su-pprcssed. 



CObfM3NT ( 1 0 CARD ) 

C01~; r :ms  For1118t Applicability ,- Description --- 
1 - 2  I2 Card code (=lo). 

3 - 80 lSA6 Alphameric com.1en-t;. 

R e f .  

P a w  -- -- 
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